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The Development of Variations in 
Transplantability and Morphology 
Within a Clone of Mouse Fibroblasts 
Transformed to Sarcoma-Producing 
Cells In Vitro' 


KaTHERINE K. Sanrorp, GWENDOLYN D. LIKELy, 
and Witton R. Earue, Tissue Culture Section, 
Laboratory of Biology, National Cancer Institute,? 
Bethesda, Md. 


Transformations in vitro of normal mammalian tissue cells to cells 
capable of giving rise to tumors on injection have been reported by several 
workers (1-4) (table 1). Fibroblasts cultured from normal subcutaneous 
connective tissue and from normal skeletal muscle of strain C3H mice 
after several months of growth in vitro regularly gave rise to sarcomas 
when injected intramuscularly into mice of that strain. Rat fibroblasts 
grown from normal subcutaneous connective tissue and cardiac muscle 
produced sarcomas when injected into rats. Normal mouse liver cells 
produced transplantable tumors when injected into mice. Cells from 
trypsin-split mouse skin produced slow-growing tumors when injected into 
the anterior chamber of the mouse eye. In each of these reports, the cell 
transformation became apparent after an extended period of culture 
ranging from 4 months to over 4 years. In all cultures an entirely heter- 
ologous nutrient fluid with solid substrate of chicken-plasma clot or cel- 
lophane was used. In one study (1) involving only one experimental 
strain of cells, the transformation was considered due to anaerobiosis; 
and up to the time of the report (after 30 months in vitro) the one 
control line of cultures had remained nonmalignant. In none of the other 
transformations could a definite carcinogenic agent or agency be assigned. 

So prevalent were these transformations among the cell strains ade- 
quately tested that the question has arisen as to whether it is possible to 
maintain normal cells in long-term culture or whether all tissue-culture 
cells after continued proliferation in vitro become able to produce tumors 
on injection. Some of the strains of mouse cells studied produced a low 
incidence of tumors on injection into animals of the strain from which 
the tissue originated. By this method of testing, many cultures thus 
appeared to be normal. Of the series of rat fibroblasts studied, at least 
two presumably normal lines of cells were maintained for a period of years, 
although in one study (1) the rats used for testing were not inbred, and 
in the other study (3) the actual number of cultures tested is not recorded. 


! Received for publication March 24, 1954. 
1 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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In the studies of rat fibroblasts (3, 1) the presumably normal and 
tumor-producing culture lines were derived from the same original explant 
of tissue, although it is impossible to know whether these cells arose from 
one cell or from the different cell types present in the original tissue 
explant. The observation suggested, however, that variants in tumor- 
producing capacity might possibly arise in vitro even in a clone of cells. 
The object of the present study was, therefore, to determine whether both 
normal and tumor-producing lines of cells could be obtained from a single, 
isolated cell of cultured mouse subcutaneous connective tissue. 


Procedure 


The origin of the clone of mouse fibroblasts, strain 1328, has been 
described (5). In establishing this clone a single cell was isolated from a 
cellophane-substrate culture of adipose subcutaneous connective tissue 
and was grown to a large culture. The tissue had been taken from the 
lateral subcutaneous fat pad of a strain C3H/He mouse. At the time the 
single cell was isolated the tissue had been growing in vitro for 97 days, 
and 10 cultures had been injected into strain C3H/He mice;* no tumors 
developed from the injected cells. 

The early genealogy of the single-cell culture is presented in text-figure 1. 
The cells were grown in Carrel D-3.5 flasks on a substrate of either hen- 
plasma clot or perforated cellophane as indicated. Each flask contained 
1 ml. of a mixture of 40 percent horse serum, 20 percent chick-embryo ex- 
tract, and 40 percent Earle’s balanced saline. At the end of the second 
transplant generation, 82 days after the single cell was isolated, the single- 
cell culture was divided and used to establish 8 plasma-substrate cultures. 
From these 8 cultures, 8 corresponding substrains were derived; these will 
be designated as substrains I to VIII, respectively. At the end of the 
third transplant generation (and fourth transplant generation in substrain 
IV), each plasma-substrate culture was divided and used to establish both 
a cellophane-substrate culture and a plasma-substrate culture; from these 
cultures corresponding cellophane-substrate and plasma-substrate culture 
lines were derived. 

The procedure for transplanting the plasma-substrate cultures has been 
described (6). At the close of the fourth or fifth transplant generation 
half of a plasma-substrate culture was used for establishing a new culture, 
and the remainder of the culture was injected into a mouse (text-fig. 1). 
After the sixth transplant generation, three new cultures were prepared 
from each culture, and a whole culture instead of a half was injected into 
each mouse. The plasma-substrate culture was usually injected after 
about 4 weeks of growth. 

During the first 7 or 8 transplant generations, one new cellophane- 
substrate culture was prepared from each parent cellophane-substrate 
culture according to procedures described (7, 4). Occasionally as indicated 
(text-fig. 1) half of a culture, in the form of a concentrated cell suspension, 
was injected into a mouse. After the seventh and eighth transplant 


3 All the mice used in this study were strain C3H/He mice obtained from the supply colony of this Institute. 
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TEXT-FIGURE 1.—Early genealogy of single-cell culture of clone 1328. For methods 
of transferring and injecting cultures, see text. 


generations in vitro one new culture was planted from the cell suspension 
obtained from each parent culture; enough cells were left adherent to the 
substrate of the parent culture that this parent culture was retained and 
allowed to repopulate. These parent cultures were also ultimately injected, 
one culture into each mouse. The cellophane-substrate cultures were 
transplanted or injected at variable times when the cellophane sheet was 
well covered with cells. 

Due to pressure of other work, all but two culture lines were closed 
1 to 1% years after the original single-cell isolation. The cellophane- 
substrate culture lines of substrains III and VII were continued. Sixteen 
months after the original single-cell isolation, cells from these two culture 
lines were transferred to glass substrate in T-60 flasks (8). Four Carrel 
D-3.5 flask cultures were used to inoculate each T-60 flask culture. The 
T-60 flask cultures were grown according to methods previously de- 
scribed (9). 

The intramuscular injection procedures for the cultures and for the 
subinoculation of tumors derived from the injected tissue-culture cells 
were similar to those used earlier (2, 4, 10). 

Some of the mice were subjected to whole-body X irradiation before 
injection of cultures or tumor tissue. The X irradiation of the mice* was 
administered from a double tube approximately 3 to 7 hours before 
injection. Physical factors were as follows: 186 KVP, 170 V, and 20 Ma., 
96.7 r per minute at a focus distance of 54 cm. through 0.25 mm. Cu and 
1.10 mm. Al filters. 


4 The authors express their appreciation to Mr. Henry L. Meyer of the Radiation Branch of this Institute, who 
irradiated the animals. 
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The mice were kept under observation for a period of 3 to 4 months 
after injection. With the exception of mice that died overnight or over 
a weekend and were too badly decomposed to permit autopsy, all animals 
were killed and autopsied. Tumors were allowed to reach approximately 
1 cm. in diameter and were usually considerably larger before killing the 
mouse. Strips of tumor tissue were fixed in formalin-Zenker, sectioned, 
and stained with hematoxylin and eosin, and with van Gieson’s picro- 
fuchsin. The presence of a sarcoma was established by microscopic 
examination of the tumor sections. 


Results 


The results of injecting cultures of the 8 substrains into untreated 
strain C3H mice are summarized in text-figure 2 and table 2. During a 
period of 13 years from the time the single cell was isolated, 27 cultures in 
6 of the 8 substrains gave rise to sarcomas on injection; two of the sub- 
strains showed no evidence of sarcoma-producing ability during this 
interval. Of the 8 cellophane-substrate culture lines, 4 gave rise to sarcoma- 
producing cultures, and of the 9 plasma-substrate culture lines, 5 gave 
rise to sarcoma-producing cultures. There appeared, therefore, to be 
no influence of the type of substrate on the number of culture lines 
transforming. 

The time of appearance of the first sarcoma-producing culture in each 
culture line is indicated in table 2. The first culture to give rise to a 
sarcoma had been grown for 211 days from the time the single cell was 
isolated and 308 days, or approximately 10 months, from the time of 
explanting the original tissue from the mouse. This tumor was palpable 
between 8 and 9 weeks after injection of the tissue culture. There appeared 
to be a tendency for the transformation to occur earlier in the cellophane- 
substrate culture lines than in the plasma-substrate culture lines. When, 
however, ranking tests were applied to the data on the time of trans- 
formation in each culture line, no statistically significant difference 
between cellophane and plasma-substrate culture lines was obtained.5 

From these limited data, therefore, no influence of the culture substrate 
on the time of cell transformation could be demonstrated. There was, 
however, a significant difference between the number of cellophane- 
substrate cultures that produced sarcomas when injected and the number 
of plasma-substrate cultures that produced sarcomas. Once a transfor- 
mation occurred in a cellophane-substrate culture line, the cultures de- 
rived from the transformed culture tended to continue to produce sarcomas 
(text-fig. 2) ; this tendency was not detected in the plasma-substrate culture 
lines. 

After 1% years all culture lines were closed with the exception of the 
cellophane-substrate cultures of substrains III and VII, which at that time 
had produced 0 and 63 percent sarcomas, respectively. Cultures from 
both of these lines were then transferred to T-60 flasks. The cultures of 


+ The authors wish to express their appreciation to Mr. Marvin Schneiderman of the Biometrics Section of this 
Institute, who analyzed these data. 


Journal of the National Cancer Institute 





N 


VARIATIONS WITHIN CLONE STRAIN OF FIBROBLASTS 


*S]]}99 YILM Poat9AOD [JOM SBM Yooys suBYydoljvo oy} UsyM poqooful sem puUB ‘azRB[N 
-dodai 0} pamo]je sBa ‘pourejor SBM ouNng[Nd QuoIed ay} 4BY4 o1NgQ[Nd YUaIed ayy Jo suBYdOTI90 ayy 04 QUOD 
-JOYPB 4jJ9] WIM s]][VO YFnous ‘saungjnd oyBaysqns-ouBydoyjao. oy} Zurusldsuvsy uy ‘osnow yoRe our poyool 
“UL SBM JING[NI oJOYM B ‘[VAIOJUT SITY) Joy ‘(T ‘SY-9x0} 99S) OUT] o1Ng[ND 9Yy4 ULeyUTBU OF Pasn SBM oINg[Nd oy4 
jo Japurewiel oy} puB ‘asnour YyoRe OUT pozefUl sem oiNg[Nd B JO J[BYy ‘SUuOTVI9UNT yUBldsUBIy ZY IO g 4SIY 
oy} SuNG 3 ‘a1wW ARO UrLesjs pozyBVorZUN OZUT SUTBIYSqNS g VY} JO Saing[Nd Surydolul jo syjnsey—z aunold-LXx’ 








WWOOUS Vv VWOONNS V 
O39NGOUd AVHL 3YNLIND Jivy1SENS-3NVHd0I730-Y O39NGOUd AVHL O3LISPNI BYNLIND SLvVYLSENS-vWSV1d-@ 
vWOOuVS V 39NGOUd vwoouvs v 39NGONd 
OL O3VS IWH O3LDCNI BYNLIND JLVYLSENS-3NVHdOIT39 -7 O1 O33 IVHL O3LIBPNI 3YNLIND Juvy1SENS-vWSVId-O 
Q3193°NI LON 3YNLIND JLVYLSENS-3INVHd01III-W Q31930NI LON 3YUNLIND JivyISENS-WWSV1d-@ 
|. UO pais09 vo pajss09 a 





HddHfS 
! a 
s ¢£ 


OULIA NI NOILVYIN39D LNVIGSNVYL 














I 
NIVYLSENS 4 | 


1739 3NO 

















» No. 2, October 1954 


15, 


Vol. 








ARLE 


“ 


_ 
a 
Zz 
< 
RK 
a 
ea) 
<< 
_ 
a 
= 
2 
~ 
Zz 
“ 
7] 


N 
N 








[JO O[FUIS OU Le 









































| | | | 
pisedtendeennes | Pe a ee coe 
Glz 6 | «tt | Li>~—s| O“e-BFI | “1 9 | 2 | 2e-¢ | OLb-69I IIIA 
_ a om ————— a _——— ——E _ — —_ _ —_ —— — ——————ee 
| | | . ge ae i Ba cee ee eS 
we | a | 1 | 6a | 6I-4 | ees-eor O82 8 | ar 61 | 2e-9 =| OzF-261 | ITA 
aenidad mabiddapial: | o | gt ci-p | aee-eet oo 0Z | 6t-2 | OLF-11Z PIA 
~ ae. = ae se a mommy ges gt oe. ~ ~ a ae eee ere cay, “op eaperaareer a o> 
£6€E eI I SI | cI-F | LLE-8F1 O&t LI 9 | 0Z Lo-¢ | OLt-69I A 
corer ececelesceeccese 0 £2 SI-c | edb | “ —« LO Teena 2 
6LE eI I | gt | gI-¢ | PSP-ZOl 11% Ol | @ a LI-9 £6E-Z91 Al 
-_—$—$—$ —|§ ——_____|____| —|—_—___—_|_— rm _ —— —| 
i |) 6I-p | ses-BPI | 0 Sf ceo =| S6h-691 [ lll 
‘ateditaiile | oOo | ¢ GI-F | geo-8F1 ie | 6t | C@ 8% | sz-9 | ig-eor II 
| 1 Oo | zw 8I-b | ¢0¢-z9I | | 0 £2 6e-9 «| Sre-oor fn I 
| . | = } 
wiser el uory | | | poqetur | uorepost moet oo uor poqoofur | uoreost 
Ik yo HS) -gigued | svuroo orootur | S22naine oo PHPP-1FUIS) _eioued | seur09 oootur | S2zn3ne 1]20 
om 45 quejd =| -1¥s Sur on | josuory | -o[durs Pm queid -188 Bul ne jo suoy | -o[durs 
- om -suBly, | -dojaaop | _ <i -B.19U03 wody a | “suv, | -dopasp |] _5 A -B.19U03 wody ureseanes 
F eSAG] | | gout jo a ae | guejd aangyno | UF #848 | @orur jo an wh queid aunyno pe. my 
aanqjno Suronpoaid Joquin N 1 N -SsuBl} ul sABp aanyno Suioup daquinN oq N -suBl} ul sAep W"O 
~ul00I8S 4841.1 | | | JO aduvy | Jo osuvy | _. _egurooaes qa jo o3uv yy | jo odusy 
OUI] 1N}[ND 07BI9SqQNs-BUISBL aul] 91N9[Nd 94Ba4ysqns-suBYydoTIEeD 








atu FIG) Utv438 payvasjqun o7ut JIT A 9} J survajsqns fo sasnyjnd Burjralur fo s32)nsayy—"Z_ AAV, 


Journal of the National Cancer Institute 





VARIATIONS WITHIN CLONE STRAIN OF FIBROBLASTS 223 


substrain III were in the 45th transplant generation, whereas those of 
substrain VII were in the 30th transplant generation. Although there 
appeared to be a difference in growth rate between these two lines in that 
substrain III had been transplanted more frequently, no marked difference 
was obtained when replicate cultures of each line were grown for 2 weeks 
and the number of nuclei in the cultures was determined at weekly intervals 
by the procedure for enumeration of cell nuclei (11). 

The results of the later injections of cultures from these two culture 
lines are summarized in table 3. The cells from each T-60 flask culture 
were injected into groups of mice, ranging in number from 1 to 6. Seven 
of the mice injected with cultures of substrain III were implanted with 
fragments of lung from young strain C3H mice in order to favor the growth 
of the culture in vivo (1). The implant was placed in close proximity to 
the injected cell mass. None of these mice developed tumors. Of the 
mice injected with cultures from substrain III, 1 percent (2 mice of 146 
injected) developed sarcomas at the injection site. These tumors were 
palpable at 7 and 9 weeks after injection of the cultures. Of the mice 
injected with cultures from substrain VII, 97 percent (66 mice of 68 
injected) developed sarcomas. These tumors were palpable at an average 
of 16 days after injection of the tissue cultures. There was, therefore, a 
marked difference between the two culture lines in the incidence of 
sarcomas produced and in the latent periods for development of tumors 
from the injected cells. 


TABLE 3.—Results of later injections of cultures of cellophane-substrate culture lines III 
and VII into untreated strain C3H mice 








Cello- Range of Range of 
phane-* | days in cul- | transplant | Number of} Number of Rusterat rae 
substrate ture from generations} cultures mice in- wal wl ioe iewel e in 
culture single-cell | of cultures} injected jected “ons =e es 
line isolation | injected ae | ae 
| | 
III 533-736 45-74 78 | 146 2 1 
VII 553-722 30-52 23 68 66 97 

















*These later cultures of substrains III and VII were grown in T-60 flasks without cellophane. 


Cultures of substrain III were also injected into mice subjected to 
whole-body X irradiation prior to cell injection. The object of this experi- 
ment was to determine whether substrain III cells could grow in the strain 
C3H mouse if host resistance were lowered. With one exception, a dose 
of 400 r was used (table 4). Sixty-seven cultures of the cellophane- 
substrate culture line of substrain III were injected into 99 mice that had 
been X-irradiated several hours before injection. In all but the first two 
groups of injections, half of each culture was injected into irradiated mice 
and half into nonirradiated control mice. Of the nonirradiated mice that 
were injected, none developed sarcomas. Of the 99 irradiated mice that 
were injected, 66 survived and 29 of these (44%) developed sarcomas. 
These tumors were palpable at an average of 7 weeks after injection of 
the culture cells. 
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TABLE 4.—Results of injecting cultures of substrain III into X-irradiated strain C3H mice 





sults | | 
Days | | Results Number | Results of 


; | Trans- r r , Num- | of in- | :* . 
in plant Num- | Age | Radi- ber of | jecting of adi | injecting 











culture | ber of of ation |~: . | | irradi- cultures 
from | eee af cul- mice | dose (in —— — | ated | into non- 
single- | cultures tures in- | (in roent- alee | ‘condi. control | irradiated 
cell iso- | imlest d jected | days) | gens) | injected ated | mice | control 
lation | —- | injected | arec. |injected| mice* 
| | mice* | 
553 | 48-53 10 | #37 400F | 10 i. ee | b chat ie angiah 
589 | 55 1 | 33 400 | 5 | | 2 See ach tsihsinees 
624 53, 59 5 54 400 | 5 4/5 | 5 0/5 
630 53, 54 3 | 40 400 | 3 1/3 3 | 0/3 
638 | 54, 55 2 61 400 2 2/2 3S | 0/2 
657 | 57,63 4 | 67 400 4 3/4 4 0/4 
664 57, 58 2 38 400 2 1/1 2 0/2 
673 | 59, 65 3 61 400 3 1/3 3 0/3 
680 60, 66 3 50 400 9 3/9 ~ 0/8 
709 63, 70 10 35 400 10 6/7 10 0/10 
721 65, 72 12 33 400 23 5/9 24 0/24 
736 67, 74 12 31 350 | 23 0/19 24 «sO 0/2: 
Total..... — ree 99 29/66 85 | 0/84 
(44%) | (0%) 





*The denominator represents the number of mice that survived and the numerator the number of mice that 
developed sarcomas. 
tA second dose of 400 r was given 22 days after the first dose. 


Tumors arising from the injected tissue cultures were subinoculated 
into X-irradiated and nonirradiated strain C3H mice. The results of 
these subinoculations are shown in table 5. Tumors arising from cells of 
substrain III injected into X-irradiated mice were found to grow in all 
nonirradiated mice inoculated. Thus the cells of substrain III, which 
failed to grow in nonirradiated strain C3H mice from culture, did grow in 
untreated strain C3H mice after one passage in irradiated animals. These 
tumors were palpable at 6 to 11 days after inoculation of tumor tissue. 
The tumors produced by cultures of substrains VII and VIII grew in all 
mice inoculated; one of these tumor strains was carried for 8 generations of 
subinoculation in vivo. With one exception these tumors were all palpable 
within 6 to 13 days after inoculation of the tumor tissue. The exception 
was a tumor palpable by 28 days after inoculation. 

In addition to a difference in the transplantability of the cultures from 
substrains III and VII, the two culture lines differed markedly in cell 
morphology, particularly in the pattern of growth at the margin of the 
colony (figs. 3 and 4). The cells of substrain VII were elongated, spindle- 
shaped, forming a loose growth at the colony edge. The cells of substrain 
III formed a sheet of more rounded, laterally coherent cells. Although no 
morphologic difference was noted in the early transplant generations of 
these two culture lines (figs. 1 and 2), a morphologic alteration was well 
established by 20 months after the single cell was isolated. Once estab- 
lished, this morphologic difference has persisted for the past year and a 
half and is as distinct when the cells are grown on glass substrate (figs. 5 
and 6) as when they are grown in plasma clot (figs. 3 and 4). So marked 
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is this difference that cultures could be correctly identified as to culture 
line from their morphology. 

When cells from substrains III and VII were injected into strain C3H 
mice, the resulting tumors likewise showed a morphologic difference. 
This difference has been described for us by Dr. Thelma Dunn. ® 

Microscopically, the tumors differed cytologically and in histologic 
pattern to the point that they could be sorted into two groups when 
received unlabeled. The only failures in making this distinction were 
1 out of 25 of the substrain III subinoculated tumors and 2 out of 72 of 
the substrain VII tumors. Ten sections were unsatisfactory for identi- 
fication because of post-mortem changes or because the amount of tumor 
tissue in the section was too small. 

The differences are clearly seen in the photographs (figs. 7 and 8). 
Tumors derived from substrain III were composed chiefly of large round 
to oval cells having a faintly eosinophilic cytoplasm with a ground glass 
appearance; the nuclei were vesicular and surrounded by a distinct nuclear 
membrane. One or more prominent nucleoli were found. The cell 
boundaries were indistinct, and the tissue often appeared syncytial. 
Occasional cells were very large in size and multinucleated. The cells in 
these tumors showed only an occasional suggestion of a fascicular arrange- 
ment, and mitotic figures were not regularly aligned as in tumors from 
substrain VII. A prominent feature of the substrain III tumors, which 
was less striking in substrain VII, was scattered groups of smaller cells, 
lying among the larger cells. These small cells often had pyknotic nuclei 
and were thought to be either tumor cells of an initially smaller size or 
large tumor cells which were undergoing shrinkage and necrosis. Some 
of the small cells resembled lymphocytes. 

Tumors from substrain VII were composed chiefly of elongated oval to 
fusiform cells having a fascicular arrangement. The cytoplasm was 
slightly basophilic. The nuclei were oval, and the equatorial plate in the 
mitotic figures was nearly always found in a plane at right angles to the 
long axis of the cell. No multinucleated giant cells were seen, and all 
the tumor cells were remarkably uniform in size. When the cell bundles 
were cut transversely the cells appeared round in cross section (fig. 8). 


Discussion 


The object of the present study was to determine whether variants in 
tumor-producing capacity could be obtained from a single, isolated cell of 
cultured mouse subcutaneous connective tissue. It was hoped that a line 
of normal and of sarcoma cells might be obtained from the same single 
cell. At the close of 1% years two such cell lines seemed to have been 
segregated. Cultures from one line had been injected into 40 mice and had 
failed to produce a single sarcoma, whereas practically every culture from 
the other line was giving rise to a sarcoma on injection. Further injec- 
tions of the former cell line, however, produced a low percentage (1%) 


* The authors wish to express their appreciation to Dr. Thelma Dunn of the Laboratory of Pathology of this 
Institute, who studied these tumor sections. 
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of sarcomas in strain C3H mice. This percentage was found to be sig- 
nificantly increased (to 44%) if the mice were subjected to whole-body 
X irradiation before cell injection. This finding indicated that almost 
half of the injected cultures could produce sarcomas in the strain C3H 
mouse if host resistance were lowered by irradiation. It appeared, there- 
fore, that the cells of this culture line on injection induced a defensive 
mechanism in the host that destroyed the injected cells or prevented their 
growth. The failure of 56 percent of the cultures to grow even in X- 
irradiated mice is not understood; this failure might have resulted from 
inadequate damage to the host’s defensive mechanism by the radiation 
treatment. However, the results of this study do clearly demonstrate 
variations in the transplantability of cells within the clone of mouse 
fibroblasts used. 


This study also demonstrated again a transformation of normal tissue 
cells in vitro to sarcoma-producing cells. It may be noted in table 1 that 
two lines of tissue-culture cells were reported as normal after periods of 
30 months and over 10 years in culture. In the study by Goldblatt and 
Cameron (1), the cultures were injected into X-irradiated and cortisone- 
treated animals, but the strain of rats used was not inbred. In the study 
by Gey et al. (3) there is no record of the cultures having been injected 
into X-irradiated or cortisone-treated animals. In view of the present 
demonstration of an incompatability developing in culture between tissue- 
culture cells and the inbred strain of mouse from which the cultured cells 
originated, there is some question as to whether either of these cell strains 
(1, 3) can definitely be considered as normal. Attention is called to 
the fact that excluding these two strains of cells every strain of cells 
that has been carried in vitro in a heterologous culture medium for an 
extended period of time, has ultimately assumed the ability to give rise 
to either sarcomas or carcinomas when injected into animals of the same 
strain as that from which the cultured cells originated. 


No conclusion can be drawn as to the cause of the transformation in the 
present study. Since cellophane has been found to give rise to sarcomas 
when implanted into mice (12) and since the original tissue was grown 
under cellophane for single-cell isolation, cellophane might be considered 
the transforming agent. It has been demonstrated, however, that strain 
C3H mouse fibroblasts transform to sarcoma-producing cells in culture 
in the complete absence of cellophane (2, 4). In the present study, 
culture lines from the single cell were established on both cellophane 
and plasma-clot substrates to determine whether the type of substrate 
influenced the number of culture lines transforming or the rapidity with 
which such transformations occurred. No such influence was detected 
although the cellophane-substrate cultures produced a higher percentage 
of sarcomas on injection. This latter finding might be related, however, 
to different cell population densities in the two types of cultures injected, 
or to inhibiting effects of the heterologous plasma clot on cell growth 
in vivo. If the change in cell transplantability that was demonstrated 
for one culture line occurred in other culture lines or occurred early in the 
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history of these cultures, or even before the single-cell isolation, the 
method of testing used during the first 18 months of this study would not 
be considered adequate to establish whether cultures were normal at that 
time. It seems improbable, however, that such a change in transplant- 
ability occurred very early in the history of these cultures, since cells of 
at least two of the culture lines derived from the single cell showed no 
evidence of an incompatibility with the strain C3H mouse that interfered 
with the progressive growth of the injected cells in vivo. 

In addition to a variation in transplantability demonstrated within the 
clone of mouse cells, a variation in cell morphology was also observed. 
The alteration in cell morphology of one culture line occurred some time 
after the sixth transplant generation when the cells had been cultured 
for 5 months from the time the single cell was isolated. The morpho- 
logic difference between culture lines was well established by 20 months 
from single-cell isolation and has persisted for the past year and a half. 
This difference between the two lines of cells may also be found in the 
cytologic and histologic pattern of the tumors produced by injection of 
the tissue-culture cells. Thus both in vivo and in vitro the morphologic 
differences have been maintained. 

A further interesting finding of the present study is that cells of sub- 
strain III, that failed to grow in nonirradiated strain C3H mice, after 
one passage in irradiated mice grew in all nonirradiated strain C3H mice 
subsequently injected. The virulence or transplantability of these cells 
was so increased by one mouse passage that the tumor incidence from 
injecting substrain III cells was raised from 1 percent to 100 percent in 
nonirradiated strain C3H mice, and the latent period for tumor develop- 
ment was decreased from approximately 8 weeks to 11 days. No con- 
clusion can be drawn at the present time as to the mechanism of this 
change resulting from cell growth in the mouse. The finding does sug- 
gest that either the change in transplantability demonstrated in the 
tissue cultures is not a permanent alteration of the cells, since it appears 
to be altered by growth of the cells in vivo, or that the cells were so in- 
creased in virulence by mouse passage that any persistent tissue incom- 
patibility failed to prevent tumor growth. 


Summary and Conclusion 


A single cell was isolated from a culture of normal subcutaneous adipose 
tissue taken from a strain C3H mouse and was grown to a large culture. 
Eight substrains were established from this clone cell culture, and culture 
lines in each substrain were carried on both cellophane and plasma-clot 
substrates. Cells from all culture lines were tested for their ability to 
produce sarcomas when injected intramuscularly into strain C3H mice. 

During a period of 18 months from single-cell isolation, 27 cultures in 6 
of the 8 substrains gave rise to sarcomas on injection. Two of the sub- 
strains showed no evidence of sarcoma-producing ability during this 
interval. The first cells to give rise to a sarcoma had been carried in vitro 
for approximately 10 months. There was no evidence that the cellophane 
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substrate influenced the time of cell transformation or the number of cell 
lines transforming. 

Two lines of cells were finally established from the single-cell culture. 
These differed markedly in their ability to produce sarcomas on injection. 
Cultures from one line produced sarcomas in 97 percent of the mice in- 
jected; cultures from the other line produced sarcomas in only 1 percent 
of the mice injected. When, however, cultures of the latter line were 
injected into strain C3H mice subjected to whole-body X irradiation just 
before injection, 44 percent of the mice developed sarcomas at the injec- 
tion site. Thus many of the cultures were sarcoma-producing but were 
unable to grow in the mouse unless the resistance of the host was lowered. 
A difference in the transplantability of the cells was thus demonstrated 
within a clone of mouse cells. 

The two lines of cells also differed in cell morphology. The morpho- 
logic difference in cultures was established by 20 months after the single 
cell was isolated and has persisted for the past 14 years. This difference 
could also be detected in the tumors arising in strain C3H mice from the 
injected cultures of the two lines. 

Tissue-culture cells that failed to grow in untreated strain C3H mice 
were found, after one passage in X-irradiated mice, to grow in all un- 
treated mice tested; thus a change in transplantability or virulence was 
demonstrated. No conclusion can be drawn at the present time as to the 
mechanism of this change. 
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PuaTE 17 


Figure 1.—Representative area of a culture of the cellophane-substrate culture line of 
substrain III, 15 days after planting under cellophane. This culture was in the 
sixth transplant generation and was photographed 156 days after the single cell was 
isolated. X 200 


Ficure 2.—Representative area of a culture of the cellophane-substrate culture line 
of substrain VII, 15 days after planting under cellophane. This culture was in the 
fifth transplant generation and was photographed 156 days after the single cell was 
isolated. X 200 
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PLaTE 18 
Fictre 3.—Representative area of the periphery of a culture of the cellophane-sub- 


strate culture line of substrain III, 5 days after planting in plasma substrate. This 
culture was in the sixtieth transplant generation and was photographed 629 days 
after the single cell was isolated. 200 

_ 

FicurRE 4.—Representative area of the periphery of a culture of the cellophane-sub- 
strate culture line of substrain VII, 5 days after planting in plasma substrate. This 
culture was in the forty-first transplant generation and was photographed 629 days 
after the single cell was isolated. 200 
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PLATE 19 

Fictre 5.—Representative area of the periphery of a culture of the cellophane-sub- 

strate culture line of substrain III, 3 days after planting on glass substrate. This 

culture was in the ninty-eighth transplant generation and was photographed 898 
days after the single cell was isolated. 200 

Fictre 6.—Representative area of the periphery of a culture of the cellophane-sub- 

strate culture line of substrain VII, 3 days after planting on glass substrate. This 


culture was in the seventy-eighth transplant generation and was photographed 
898 days after the single cell was isolated. 200 
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PLATE 20 


Comparison between tumors of substrains III and VII photographed at * 400. The 


sections were stained with hematoxylin and eosin. 


Figure 7.—Substrain III: This area shows a background of large cells with indistinct 
margins. The cells have large round or oval nuclei with prominent nucleoli and 
are interspersed with smaller cells, irregular in size and shape, in many of which the 
nucleus appears pyknotic. The tumor cells have no regular alignment. Occasional 
cells are multinucleate. 


Ficure 8.—Substrain VII: This area shows fusiform cells with elongate oval nuclei. 
Cells are of uniform size and are arranged in bundles which have been cut transversely 
in upper part of photograph, and longitudinally in the lower field. The mitotic 
figures show a regular arrangement in relation to the long axis of the cell. The tumor 
cells have a close resemblance to fibroblasts. 
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Depressions in the Activity of Liver 
Catalase in Mice Injected with Homog- 
enates of Normal Mouse Spleen"? 


Evucene D. Day,’ Freperick C. GABRIELSON, . 
and Jason B. Lipxinp,“* Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine, and 
Brandeis University, Waltham, Mass. 


Liver catalase activities are lowered not only in certain tumor-bearing 
mice and rats (1-6), but also in those normal animals injected with neo- 
plastic tissues or fractions thereof from a variety of strains and species 
(4, 7-9). Crystalline catalase activity likewise is lowered when the en- 
zyme is incubated in vitro with certain tumor kochsdfte (10). The loss in 
catalase activity in animals injected with tumor extracts quite convinc- 
ingly has been attributed to an inhibitor contained in the non-necrotic 
portions of tumors from which the extracts were obtained (4, 8-10). The 
loss in activity in the tumor-bearing animals has been inferred, therefore, 
to be caused by an elaboration of inhibitor by the live tumor (2, 4, 6, 8, 10). 
If this were so, then it would seem that normal tissues should contain 
little or no inhibitor. In this light Nakahara and Fukuoka (9) have 
deduced that this inhibitor is a substance characteristic solely of neo- 
plastic tissues, as a result of their demonstration of an apparent absence 
of inhibitor in certain normal human tissues. Adams (4), moreover, has 
demonstrated that no significant change occurs in Schofield mice injected 
with Schofield normal tissues and with rat thymus, nor in FF mice 
injected with FF muscle. Greenfield and Meister (8) and Hargreaves 
and Deutsch (10) have also tended, from their work, to assign to normal 
tissues an insignificant role in catalase-inhibitor production. 

It appeared to us, however, that Greenfield and Meister did obtain a 
clearly significant lowering of activity in strain C3H mice injected with 
C3H muscle and liver extracts and, possibly, with rat-liver extracts. 
Hargreaves and Deutsch also indicated, without presenting data, that 
their kochsafte of spleen and liver from rats exhibited slight inhibitory 
effects when incubated{with crystalline catalase, and that these effects 
were greater when spleen and liver from tumor-bearing rats were used. 


1 Received for publication April 2, 1954. 

2 Supported by a grant-in-aid from the American Cancer Society upon recommendation of the Committee on 
Growth of the National Research Council. 

* Present address: Roswell Park Memorial Institute, Buffalo 3, N. Y. 

4 Brandeis University, Waltham, Mass. 

§ The authors gratefully acknowledge the assistance of Dr. Nathan Kaliss and Miss Priscilla Smith. 
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If, indeed, normal tissues could be shown to contain significant quantities 
of catalase inhibitor, then one would either have to imply that tumor 
tissue is unable to retain inhibitor as easily as normal tissues, or one 
would have to seek a different explanation to account for the lowering 
of catalase activity in tumor-bearing animals. 

Our interest in the in vivo method of inhibiting liver catalase activity 
arose because of certain parallels it had with the method of abrogating 
resistance to tumor transplants in certain strains of mice (11-13). Neces- 
sary for such a correlation between the two effects, however, would be: 
a) the existence of inhibitors in normal mouse tissues, and 6) a strain 
specificity governing the distribution of inhibitor. Experiments 1 and 2 
were carried out to test condition (a) of the correlation; and did demonstrate, 
indeed, that normal spleen injected into non-tumor-bearing recipients 
caused nearly as marked a depression in liver catalase activity as a com- 
parable amount of lyophilized tumor. As more strain combinations of 
spleen donors and recipients were tested, however, it soon became evident 
that condition (6) of the correlation was not met in actuality. 

At the end of experiment 5, four strains had been tested both as donors 
and as recipients, and, of these, two strains (low in spontaneous tumor 
incidence) were found to be poor donors and two strains (high in spon- 
taneous tumor incidence) were found to be excellent donors of inhibitor 
at the constant dosage level employed. The possibility that mice of those 
strains characterized by high-tumor incidence might have a higher con- 
centration of inhibitor in their normal tissues than mice with low-tumor 
incidence was considered and tested. This hypothesis was found to be 
incorrect, when (in experiments 6, 7, and 8) it was put to a test with the 
use of more donor and recipient strains. By this time certain anomalies 
in the data had also appeared. Particularly outstanding was the obser- 
vation that, in one case, a significant depression was obtained when the 
donor and host strains were the same (A.SW donor and host) ,*® but not 
when they were different (A.SSW donor, A/Sn host); and, in another, 
that a significant depression was obtained only when the donor and host 
strains were different (AKR donor). The anomalies, themselves, sug- 
gested that perhaps those mice previously described as poor inhibitor 
donors might only have appeared so under the conditions of our experi- 
ments, and that a threshold between only slight inhibition and significant 
inhibition might possibly exist, 7.e., a balance maintained by the mice 
which could only be overcome by sufficient stress. The degree of com- 
pensation could conceivably vary from strain to strain. A dosage experi- 
ment was clearly indicated. 

Three donor-recipient combinations, which in previous experiments had 
shown little or no significant depression of liver catalase activity, were 
selected for experiment 9, and the dosage was increased fourfold. Very 
highly significant depressions in activity were obtained in all three cases, 
but the degree of depression could not be correlated quantitatively with 
the dosage given. The nature of the depression in liver catalase activity 


6 For description of strain, see footnote ||, table 2. 
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appeared, therefore, to involve a rather complex physiological process, a 
dynamic process apparently involving a delicate compensatory mechanism 
impaired under stress, and a process not easily explained by a simple, 
straightforward inhibition of liver catalase. 


Experimental Procedure 


Preparation of liver homogenates for assay.—Because of the variety of 
methods which have been used for preparation of the material to be ana- 
lyzed (1-9), we found it necessary to conduct a series of experiments 
designed to help in the selection of a preparation that would give optimum 
activity with reproducible results. The procedure finally selected re- 
sembled that of Greenfield and Meister (8) very closely. Each fresh, 
unperfused liver was homogenized thoroughly in a high-speed blendor in 
an equal volume either of cold 0.05 M phosphate buffer (pH 6.85-7.00) or 
in cold distilled water. A few drops of octanol-2 were added to prevent 
foaming. The homogenate was then diluted volumetrically to 100 ml., 
either with buffer or water, and mixed thoroughly. No difference in 
results was observed when either of the two media was used. Within 5 
minutes the catalase assays were performed since, at this dilution, a rapid 
falling-off of activity (inhibition?) was observed when as little as 10 
minutes had elapsed, and even when the homogenate was well buffered at 
an ionic strength of 0.15 and kept refrigerated. Although no appreciable 
loss of activity was demonstrable in concentrated liver homogenates after 
the 18 hours of refrigeration required by the method of Greenstein (14), 
neither was a greater activity observed after this interval. This lengthy 
incubation, although undoubtedly necessary prior to extraction of the 
enzyme by centrifugation, was found to be completely unnecessary prior 
to assay of whole homogenates. Greenfield and Meister (8) apparently 
had previously made a similar observation. 

In later experiments, after the procedure had been found to be reliable, 
and statistical analysis of results no longer necessary, the livers in each 
experimental group were pooled and homogenized thoroughly in a Waring 
blendor in 300 ml. of cold (4° C.) distilled water. The homogenate so 
formed was then diluted to the required level in the proportion of 100 ml. 
per liver, thoroughly mixed, and immediately analyzed. Excellent agree- 
ment was obtained in each of two preliminary experiments when assays 
were performed individually for 10 livers or performed collectively for 10 
livers from mice of the same age, sex, and strain. 

Apparatus and method of assay.—The type of manometric apparatus 
employed was that adopted by Greenstein (14) for the measurement of the 
volume of oxygen liberated from 30 percent hydrogen peroxide by liver 
catalase, although certain changes were made in the apparatus to simplify 
and improve the technique. A 50-ml. burette, to dispense peroxide into 
the reaction flask, and a magnetic, Teflon-coated bar, to stir the reaction 
mixture, were the major inclusions within the closed manometric system. 
The burette and a glass tube of equal length were connected at the top 
to the arms of an inverted Y-tube by means of rubber pressure tubing. 
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The leg of the Y-tube was connected to the water manometer by means of 
an additional length of pressure tubing. The burette was filled by im- 
mersing its tip in a beaker of peroxide, closing the open end of the glass 
tube, opening the stopcock of the burette, and lowering the manometer 
reservoir. Enough peroxide was then made available for fifty deter- 
minations before refilling. A 50-ml., side-armed, suction-type flask, 
containing the magnetic bar and the material to be assayed, was connected 
to the burette (fitted with a rubber stopper) and to the glass tube (fitted 
with a length of pressure tubing) in order to complete the closed system. 
The magnet was set in motion, a reading of the manometer was made, and 
1 ml. of peroxide was introduced. The volume of oxygen generated by 
the reaction (measured in cubic centimeters) was determined by closing 
the manometer stopcock at the fifteenth second and taking a second 
manometer reading. The reaction time was counted from the time of 
opening of the peroxide-burette stopcock. 

Estimation of liver catalase activity —1.00 ml. of liver homogenate was 
added to the reaction flask, together with approximately 5 ml. of 0.05 M 
phosphate buffer (pH 6.85-7.00). The latter served to insure adequate 
contact of the peroxide substrate with the liver enzyme. The amount of 
oxygen liberated from the substrate in 15 seconds was taken as a measure 
of catalase activity in the homogenate. This method of estimating 
catalase activity was found preferable to that of Greenstein (14) and of 
Greenfield and Meister (8) who measured the amount of time in seconds 
necessary for 10 or 20 cc. of oxygen to be evolved. Attainment of optimum 
activity was generally found to be confined to a time range of 12 to 22 
seconds wher activity was expressed on a unit time basis. The time 
necessary for evolution of 10 or 20 cc. of oxygen was found occasionally 
either to fall short of, or extend beyond, this range. A minimum of two 
activity determinations of each homogenate was made. 

The amount of nitrogen contained in 1.00 ml. of each liver homogenate 
was determined by the Pregl modification of the Kjeldahl procedure (18). 
A minimum of two analyses of each homogenate was made. When 
catalase activity was based upon unit nitrogen content of the homogen- 
ates, a greater uniformity of activity was found to persist from one group 
of animals to the next than when activity was based upon unit volume of 
homogenate in the manner of Greenfield and Meister (8). On the other 
hand, it was not found necessary to adjust the volume of homogenate to 
produce a fixed nitrogen content in the manner of Greenstein et al. (16) 
since a direct proportionality was found to exist between catalase activity 
and nitrogen content within the limits of concentration used throughout 
all our experiments. It was therefore possible to assay each homogenate 
for catalase activity immediately after its preparation—before loss of 
activity had occurred. 


Preparation of tissue homogenates for injection.—Sarcoma I, used for 
experiment 1, was harvested from strain A/Sn mice under aseptic condi- 
tions, lyophilized, and stored in vacuo over anhydrous calcium sulfate for 
6 weeks. Spleens from strain A/Sn mice, used for experiment 2, were 
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similarly prepared. In each case the dry tissues were homogenized in 
0.9 percent NaCl, diluted to a final concentration of 40 mg. of dry weight 
per ml., and injected intraperitoneally into the experimental mice in 
amounts of 0.5 ml. per mouse. 

The spleens used for experiments 3 to 8 were homogenized either from 
the lyophilized, frozen, or fresh state, whichever was convenient. None 
of these states had any bearing on the results that followed. The spleens 
were homogenized in 0.9 percent NaCl, adjusted to final volumes of 40 
mg. of dry weight per ml. (equivalent to 2 fresh spleens per ml.), and in- 
jected intraperitoneally into the experimental mice in the amount of 0.5 
ml. per mouse. In experiment 9, a homogenate similarly prepared, but 
containing 8 spleens per ml. (160 mg. dry wgt. per ml.) was injected into 
the mice in the amount of 0.5 ml. per mouse. 

The dosage of 20 mg. of dry weight per mouse was chosen somewhat 
arbitrarily, but, like that of Adams (4), was selected to approximate the 
amount of tumor or spleen in those tumor-bearing mice in which liver 
catalase activities are lowered. Greenfield and Meister (8), for instance, 
injected 100-mg. quantities of either tumor- or normal-tissue fractions into 
mice in order to test these fractions for inhibitor activity. On this basis, 
comparable dry-weight dosages for whole tumor and whole liver, from 
which their fractions were obtained, would have been 4,500 mg. and 8,100 
mg., respectively, per mouse. 


Mice used for experiments.—Inbred strains of mice were used throughout. 
All mice were maintained on Purina laboratory chow and water fed ad 
libitum up to the time of sacrifice. Fasting of mice 12 or 24 hours prior to 
sacrifice had little effect on the uniformity or extent of liver catalase ac- 
tivities, and, if anything, subjected the mice to a certain amount of stress 
to which liver catalase appears to be somewhat sensitive (17). Only ani- 
mals falling within the age range of 8 to 12 weeks were used, and within 
each group of animals age differences were never more than 2 weeks. 
Mice from which the donor tissues were harvested also generally conformed 
to these specifications. 


Results 


Liver catalase activities of normal mice from some representative strains 
were determined as a preliminary study for testing our technique (table 1). 
Although one strain shows a sex difference in which the male has the higher 
activity, corresponding to Adams’ findings (4, 7, 19, 20), three strains show 
no particular sex difference, and two strains show a sex difference in which 
the female has the higher activity. 

For convenience in presentation of data, the liver catalase activities of 
the groups of mice used for controls in experiments 1 to 9 are grouped 
together (table 2); however, each control group was run at the same time 
as its corresponding groups of experimental mice. The necessity for having 
done so can be seen by comparison of the mean catalase activities for 
©57BR/aSn and A/Sn mice which were used as controls in more than one 
experiment. Although uniform results were always obtained for normal 
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TaBLe 1.—Liver catalase activities of untreated normal mice of various inbred strains 




















| Activity 
Inbred strain* | ane and (cc.O2/sec./mg.N) t Pt 

| Mean | S.E. 

| | 
GS de ssvntiveteeiss { > | : a . 5 rohapagame 
C57BL/10Sn............. { +4 . = . = acy i 
WN 2 ccsiannndvde { rt 2 4 13 |.. Seg 
CS57BR/aSn.............. { rt aos O13 |... Satie 
re { + | 3.71 0. 07 be ataint 
NS iescnn sonnel i ++ 4 | 22 0. 14 <M 








*Strains designated according to standard nomenclature (18). 

?tThe mean and standard error (S. E.) were derived from statistical analysis of the individual quotients (ce.O2/ 
sec./ml. homogenate)+(mg. N/ml. homogenate) within each group. 

tThe statistical levels of significance, P, between male and female mean catalase activities were derived from a 
t table where ¢= (mean4—meang)/ y(S. E.4)?+(8. E.s)*. 


mice of the same age, sex, and strain, and sacrificed within 1 week of each 
other, yet these results were not uniform from one experiment to the next. 
Seasonal variations may have accounted for some of the differences ob- 
tained, since, for example, experiment 1 was carried out 4 months prior to 
experiment 2; and experiments 3 and 5, 3 months after. 

The effect of injections of lyophilized Sarcoma I, a tumor indigenous 
to strain A mice, upon the liver catalase activities of strain C57BR/a 
mice is shown in table 3. A plot of activity against time after injection 
paralleled the well-established, 4-day trend presented by Greenfield and 
Meister (8) and by Adams (4) with the characteristic maximum depres- 
sion appearing 2 days after injection. In our studies the effect was 
followed over a 12-day period following injection, and a second phase 
of activity depression was noted with a maximum depression, signifi- 
cantly different from the control value, appearing 9 days after injection. 
The statistical levels of significance, P, as derived by the method out- 
lined in table 1, between the 8- and 9-day means and between the 9- and 
10-day means were found to be less than 0.02 and 0.01, respectively. 
These tests for significance, together with the smooth trend of the plot, 
suggest that this second phase is real and not apparent, and that it 
parallels the effect Adams (4) obtained with a homogenate of Sarcoma 37 
containing live cells. The parallel does not continue beyond the first 
few days, however, since Adams’ plot of the second phase shows a pro- 
gressive decrease in activity to nearly 50 percent of the control level at 
14 days. This continued decrease observed by Adams, however, was 
accompanied by the onset of progressive, rapid tumor growth; hence, it 
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TABLE 2.—Liver catalase actinties of untreated normal mice used as controls in 
experiments* 
‘ scone PP meat 
ixpt. | : N : ; 4 
NO. Inbred Strain { pies pat | (cc.O,/sec./mg.N) t 
| | Mean | S. E. 
: | Gueme.................- | we 329 | o19 
2 BAe oun! fini vcansscns Sea 10 ¢ 4. 35 0. 09 
3 | IS otis: onlin giereein ments 10 ¢ 2. 86 0. 04 
Re See: | 108% | 3651 0. 07 
S | CN. 0 occ. cciccceess 10 3 2. 80 
5 CI 9c 5h ress lg lane te 9 9 2. 84 
5 fo {3a ae 10d 3. 20 
Se _, Seiemensgrieeene: 107 | 348 
6 tain ie ob. bo Ge bone e pa eiakate 10 9 3. 83 0. 12 
6 | cc cc daetn we iedne 99 3. 39 0. 05 
7 Peso = urs nace ete 10 9° 3. 37 0. 17 
7 Beer re een ee 99 3. 86 0. 09 
8 Rr 24 ts a eal pa eeeee 10 ¢ 3. 14 § 
8 I i chai oS eraaie a ieee 10 ¢# 2. 53 
PG, so coticcusingednetel So 3. 18 
9 f EGOS 3 ER pee no eapreoe- 10¢ 3. 45 
9 SURE be ieee oecatais 6c 3. 65 
9 | CSH.CS7BL/6Huf............ 8 9 3. 16 











*See tables 3 to 6. 
tStrains designated according to standard nomenclature (18). 
tThe statistical values were derived in the same way as those in table 1. 


§The values for experiments 5, 8, and 9 were determined by pooling the livers of all animalsineach group. S.E 
is therefore indeterminable. 

{Strain developed by Dr. G. D. Snell of the Roscoe B. Jackson Memorial Laboratory (#/) by crossing strain 
A mice with SW mice and backcrossing the survivors of an A tumor transplant with strain A mice for 12 
generations. The mice of this isogenic resistant line are resistant to certain A tumors but otherwise genetically 
quite similar to strain A mice. 


qStrain developed by C3H ovary transplant in C57BL/6 mice. These mice, kindly supplied by Dr. K. P. 
Hummel of the Roscoe B. Jackson Memorial Laboratory, are free from the mammary tumor milk agent. 


could be construed that since our tumor preparation definitely contained 
no live cells, the trend of activity after the 9th day would be, as actually 
did occur, back to within the normal range. 

The effect of injections of lyophilized spleen, harvested from normal, 
non-tumor-bearing strain A mice, upon the liver catalase activities of 
strain C57BR/a mice is shown in table 4. Again a plot of activity against 
time after injection paralleled the well-established, 4-day trend with the 
characteristic depression appearing 2 days after injection. Quantita- 
tively, the depression was 6.2 percent less than, and very likely not sig- 
nificantly different from, that obtained with a comparable amount of 
Sarcoma I. 

The effects of injections of spleen homogenates from eight different 
strains upon the liver catalase activities of six of the strains are shown in 
table 5. The activities were determined 2 days (46-50 hours) after injec- 
tion, the time at which a maximum depression should be expected. In 
experiments 5, 8, and 9, pooled livers for each group were assayed. No 
statistical analysis between experimental and control groups was possible, 
therefore, but by this time we were sufficiently confident that, in general, 
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TABLE 3.—Liver catalase activities of male, strain C57BR/aSn mice injected with lyophil- 
ized tumor (Sarcoma I) from strain A mice* 


























Time be- | Activity , he 
: tween injec- (ce.02/sec./mg.N) t | Depression of activity 
Number of ti ‘d | 
mice voto f | | 
— - Mean | S. E. | Percentt | P§ 
(hours) 
ee 3-6 3. 60 0. 14 —9.4 >0. 20 
eee 24-27 2. 35 0.15 28. 6 <0. 01 
Pere 47-50 2.14 0.12 35. 0 <0. 01 
AR 72-76 2. 0. 07 20. 4 <0. 02 
(days) 
ae ere 4 2. 91 0. 19 11. 6 >0. 10 
| RSE AE 5 2. 88 0. 13 12.5 >0. 05 
Ee 6 3. 21 0. 14 2.4 >0. 90 
a ee 7 2. 97 0. 14 | 9.8 >0. 10 
_ reper 8 2. 86 0. 08 13. 1 <0. 02 
SE 9 2. 61 0. 05 20. 7 <0. 01 
ES 10 2. 95 0. 10 10. 4 >0. 10 
Ree Ee 11 3. 06 00 | 60 >0. 20 
ee 12 3. 06 0. 07 | 6. 0 >0. 20 

















*Control values are given in table 2, experiment 1. 

tStatistical values derived in the same way as those in table 1. 
t(Control mean—experimental mean) X 100/control mean. 
§Level of significance, P, derived in the same way as in table 1. 


TaBLeE 4.—Liver catalase activities of male, strain C57BR/aSn mice injected with 
lyophilized spleen from strain A mice* 











, Activity : ss 

Time be- J ar Depression of activity 
Number of | tween injec- (ce.O2/sec./mg.N) t 
mice tion and sac- 
rifice of mice Mean S. E. Percent f P§ 
(hours) 

Re ee 2-6 4. 29 0. 26 1.4 >0. 90 
Ney 22-28 3.19 0. 12 26. 7 <0. 01 
RES 46-50 3. 10 0. 15 28. 8 <0. 01 
BERG Segre 71-75 3. 97 0. 12 8.8 <0. 02 

















*Control values are given in table 2, experiment 2. 

tStatistical values derived in same way as those in table 1. 
t(Control mean—experimenta! mean) X 100/control mean. 
§Level of significance, P, derived in the same way as in table 1. 


differences in activity between groups greater than 10 to 12 percent were 
significant. The spleens, which produced a significant decrease in liver 
catalase activities of mice from a variety of strains, were obtained from 
mice of strains characterized by high-, medium-, and low-spontaneous- 
tumor incidence. Likewise, spleens from additional high- and low-tumor- 
incidence strains were found to produce little or no decrease in the activity 
of the recipients. 

In the first three experiments shown in table 6, spleens from three 
strains failed to cause any significant depression in their respective hosts, 
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TaBLE 5.—Liver catalase activities of mice injected with homogenates of normal mouse 
spleens 48 hours prior to sacrifice* 

















Activity Depression of 
Hosts (cc.O./sec./mg.N)t activity 
Expt. | Strain source of 
No. spleen ft Num- _ 
Straint berand| Mean | §S. E. P| 
cent§ 
sex 

4 A/Sn. 10¢ 2.73 | 0.08| 22.5) <0.02 
6 A/S PR oe scaineie 99 3.10 | 0.10 19.0 | <0. 01 
2 sccechaeaiaialatahe: C57BR/aSn...| 107 | 3.10| 0.15] 286] <0.01 
5 C57BL/6Sn... 99 2. 30 SaaS  e | ee 
7 IE sis cc iaaes | Sere. 89 3. 11 0. 22 19.4 | <0. 01 
5 , CoB/Rs...... 10¢ 2. 80 Sey eee 
5 | C3H/Ks....... {CarbRiasa. | roe | 238] 2222] wea 2222: 
9 CHI ea anno ss WIcckcicces 5a 2. 86 tee [| rae - 
9 = C3H,C57BL/6 89 2. 68 eae PET ceive 
9 C3H.C57BL/6..{ FAs B16 so | 296] ....] 143].....: 
8 AKR/Fe...... MS caverns 10¢ 2. 72 ase tS ee 
5 C57BL/6Sn... 99 2. 49 aren eo ere 
5 C57BL/6Sn....|;C57BR/aSn... 99 2 Ti ae tt oa 
5 sk cece s 10¢ 3.19 ee 2} faery ae 
3 C57BR/afa... 9¢ 3. 13 0.08 | —9.4) <0. 01 
5 C57BR/aSn....}; CS7BL/6Sn... 99 2. 85 a... ee 
5 BIE cccscscasl WE 2. 86 ear Le © xem cus 




















*Control values are given in table 2. 
tStrains designated according to standard nomenclature (18). 
tThe statistical values were derived in the same way as those in table 1. Pooled livers used in experiments 5, 
8, and 9; hence, S. E. is indeterminable. 
(Control mean—experimental mean) X 100/control mean. 
Level of significance, P, derived in the same way as in table 1. 


TaBLe 6.—Liver catalase activities of mice injected with varying dosages of normal mouse 
spleens 48 hours prior to sacrifice* 




















Spleen Hosts Activity age 

—. Mumbo vag activity 
o. : , Number | sec./mg. % 
Strain sourcet Dosage Straint onal tom N) a ‘ 
8 BEBIVG. « ose 1 spleen. .| AKR/Fe..... 10¢ 2. 41 3 
7 (oe ae 1 spleen. .} A/Sn......... 99 3. 19 5.5 
6 Se Sole. .| AO... .50: 109 3. 22 5.0 
9 MR ele catia 4 spleens.| A.SSW........ 60°F | 2.59 29.1 
5 C57BL/6§....... 1 spleen. .| C57BL/6§.... 99 2. 49 12. 4 
9 C57BL/6||.......| 4 spleens.| C57BL/6||.... 5aq 2. 22 30. 2 
5 C57BL/6§....... fe Oe 10¢ 3. 19 0. 4 
9 C57BL/6||.......] 4 spleens.| A/Sn......... 6c 1. 72 50. 2 














*Control values are given in table 2. 
tStrains designated according to standard nomenclature (18). 
(Control mean—experimental mean) X 100/control mean. 
}Maintained by Snell of the Roscoe B. Jackson Memorial Laborato: oT. 
|| Maintained by inbred nucleus of the Roscoe B. Jackson Memorial Labora 


{Females unavailable at time expt. 9 conducted, but sex of host apparently S little effect on extent of depres- 
sion (cf. first 4 lines in table 5). 
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in spite of the fact (as shown in table 5) that at least two of the strains 
had been shown to be the best donors of all eight strains tested. When, 
however, the dosage of A spleen injected into A.SW mice was increased 
fourfold, a highly significant depression was obtained. It can be inferred 
that a similar result would have been obtained in strain A mice receiving 
A.SW spleen or in strain AKR mice receiving isologous spleen. Even 
more striking was the effect of increasing the dosage of spleen from mice 
of one of the poorest donor strains, C57BL/6. In strain A mice injected 
with one spleen each, the depression in activity was only 0.4 percent; 
in those injected with four spleens, 50.2 percent. 


Discussion 


Preparation of liver homogenates for assay of catalase activity —The 
catalase activity values obtained by Greenstein (/—3, 16) and by Nakahara 
and Fukuoka (9) were in general much lower than those obtained by 
Greenfield and Meister (8) and by us. This discrepancy seems to be 
occasioned more by the method of homogenate preparation than by the 
method of assay. Values were obtained by the former investigators from 
the assay of supernatant fluids from centrifuged homogenates; by the 
latter, from whole, uncentrifuged homogenates. 

Since it has been assumed (1) that the amount of enzyme extracted by 
centrifugation is proportional to the amount of nitrogen extracted, then 
one would expect no difference in the enzyme activity values obtained 
from the assays of supernatant fluids and whole homogenates when these 
values are based upon unit nitrogen. A significant difference, however, 
between values so obtained for both acid and alkaline phosphatase 
activities of rat liver has been found by Ross et al. (22) with the values, 
based on unit nitrogen for whole homogenates, exceeding those for super- 
natant fluids in every experiment and in one by as much as 100 percent. 

Supernatant fluids obtained by centrifugation of 10 percent mouse- 
liver homogenates at either 800 < g or 4,000 X g, were found to contain 
roughly 75 percent of the total nitrogen of the original homogenate. 
These same fluids, however, contained roughly only 50 percent of the 
total active catalase of the original homogenate, or, in terms of unit 
nitrogen, 67 percent of the total. The whole homogenates used for 
assay in all our experiments contained roughly 0.4 mg. of nitrogen per 
ml. (1 liver per 100 ml. of homogenate). If they had been centrifuged, 
their supernatants would have corresponded very closely in concentration 
(0.75 X 0.4 mg. per ml.) to those supernatant fluids used by Greenstein 
(1-3, 14, 16, 23-25) which were adjusted to contain 0.3 mg. of nitrogen 
per ml. Yet the lowest liver catalase activity we obtained, for example, 
for strain A mice was 3.2 cc.O, per second per mg. of nitrogen, whereas 
the activity obtained by Greenstein (2) for strain A mice was, in terms 
of unit nitrogen, 2 cc.O, per second per mg. of nitrogen. A more striking 
discrepancy between our respective values was observed in activities 
obtained for strain C57BL mice. Greenstein (2) obtained an activity, 
in terms of unit nitrogen, of 1 cc.O, per second per mg. of nitrogen. We 
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obtained a minimum activity of 2.8 cc.O. per second per mg. of nitrogen. 

Greenstein (2) reported that strain C57BL mice have a normal liver 
catalase activity about half that of the other strains studied, and that 
the properties of livers from these mice are in marked contrast with the 
behavior of those of the other strains studied. The liver catalase activities 
of strain C57BL mice, however, when obtained by assay of whole liver 
homogenates, are completely within the range of activities for the strains 
herein studied (tables 1 and 2). If a difference does exist between the 
properties of C57BL livers and those of other strains, it more likely is 
reflected in a difference in the extractibility of active catalase by centrifu- 
gation. If this is true, then it could be inferred in the manner of Ross 
et al. (22) that at least two forms of catalase, tightly and loosely bound, 
exist in the liver and that the proportion of tightly to loosely bound forms 
varies from strain to strain. 

The in vivo depression in the activity of liver catalase—To recapitulate, 
one thing became clear early in the experimentation. Tumors certainly 
are not the sole sources of liver catalase inhibitor, nor are they necessarily 
the richest. Later, it also became clear that normal tissues from animals 
predisposed to spontaneous tumors, likewise, are not the sole non- 
neoplastic sources of, nor necessarily the richest in, liver catalase inhibitor. 
Finally, it became apparent that even those tissues which had proved to 
contain a fairly abundant amount of inhibitor did not always effectually 
depress the liver catalase activity of the hosts in which they were injected, 
and that when they did effectually depress the activity, they did not do so 
in a fashion quantitatively related to the amount of inhibitor injected. 

In view of these facts, the hypothesis, that liver catalase depression 
in tumor-bearing animals is due solely to the elaboration of inhibitor by 
the tumor, appears to be untenable; moreover, the corollary, that the 
liver catalase depression induced by inhibitor-containing tumors involves 
a mechanism quite different from those involved in depressions of non- 
cancerous origin, appears likewise to be untenable. There are, for 
example, depressions in liver catalase activity following castration or 
adrenalectomy of mice (19, 20), following inanition of animals (17), and 
following a leprous condition in rats; there are also, to be accounted for, 
the elevations in liver catalase activity in rats bearing 1-week-old hepatic 
tumor 31 (1) and in rats injected with sheep serum (26); and there is the 
maintenance of normal blood-catalase activity in those tumor-bearing 
animals supposedly elaborating a circulating catalase inhibitor (24). 

It seems more likely that a rapidly growing tumor exerts enough stress 
upon the tumor-bearing animal to upset the delicate physiological balance 
of the liver enzyme system of which catalase is a part. The inhibitor 
may even play a role in the normal maintenance of liver catalase activity 
within this system. But once the compensatory mechanism governing 
the inhibitor concentration is taxed or partially blocked, it is conceivable 
that excessive amounts of inhibitor elaborated either by tumor or normal 
tissue or both could then accumulate slowly in the liver (and kidney) 
until sufficient amounts are present to cause a definite depression in 
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catalase activity. The degree of stress would influence the degree to 
which toxic amounts of inhibitor could accumulate. A complete and 
permanent blocking of the compensatory mechanism would undoubtedly 
eventually cause death. An increase in the inhibitor/catalase ratio, 
resulting from castration or adrenalectomy, would be restored by proper 
hormone therapy (19, 20); that resulting from fasting, by proper diet 
(17); that resulting from cancer, by extirpation or regression of the tumor 
(1,2). A decrease in the normal inhibitor/catalase ratio, also conceivable, 
would result in an elevation in catalase activity. 

In those cases in which inhibitor-containing tissues or extracts are 
injected, the resulting temporary excess of inhibitor in the liver and 
kidney would in itself cause a decrease in catalase activity. In those 
cases where excessive amounts of tissue, e.g., four spleens, are injected, 
the injection itself would stress the animal to such an extent as to cause 
a greater depression in activity than quantitatively expected in terms of 
the amount of inhibitor injected. Finally, if the compensatory mechanism, 
in returning activity to normal, is overly taxed in the process, a second 
phase of activity depression might be expected. 

Since the mechanism involved in the liver catalase effect is still certainly 
an elusive one, no hypothesis can at present entirely embrace its real 
nature. We can therefore only hope that these experiments will help to 
shed some light on a biological process apparently more fundamental and 
general than has previously been believed. 


Summary 


The liver catalase activity in strain C57BR/a mice, injected with 
homogenized spleen from strain A mice, is depressed to an extent nearly 
equivalent to the depression in activity in those C57BR/a mice injected 
with a comparable amount of lyophilized Sarcoma I, a tumor indigenous 
to the A strain. The extent to which homogenized spleens from mice of 
eight inbred strains, when injected into normal mice of seven of the 
strains, induce a depression in liver catalase activity is in no way correlated 
with the incidence of spontaneous tumors in either the donor or recipient 
mice. The extent to which a depression in liver catalase activity occurs 
is qualitatively but not quantitatively related to the dosage of spleen 
injected. A hypothesis to explain the general phenomenon of liver 
catalase activity depressions is presented. 

The normal level of liver catalase activity in male mice is significantly 
lower than in females of two inbred strains; significantly higher than in 
females of one strain; and not significantly different from the liver catalase 
activities in females of three strains. 

Whole liver homogenates are preferable for assay of liver catalase 
activity to supernatant fluids from centrifuged homogenates. Unit nitro- 
gen content of homogenates is preferable to unit volume of homogenates 
as a basis for expressing liver catalase activity. 
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Quantitative Studies on the Multipli- 
cation of Neoplastic Cells In Vivo. II. 
Growth Curves of Three Ascites 
Lymphomas”? 


LAszL6 Révész and Greorce Kuen,’ Wallenberg 
Laboratory, Institute for Cell Research and Genetics, 
Karolinska Institutet, Stockholm, Sweden 


In the first paper of this series (1) the growth curves of two ascites 
tumors, the Ehrlich carcinoma and the MC1M sarcoma, were described. 
The total number of free tumor cells in the peritoneal fluid was determined 
as a function of time after inoculation, and studies were made on the 
mean generation time, mitotic index, cell viability, and the relationship 
between tumor-cell number and fluid accumulation. The two neoplasms 
studied showed some similarities in their growth characteristics, but 
several differences were also discernible. 

The present investigation is an extension of the previous study to include 
three ascites lymphomas growing in three different inbred strains of mice. 
The growth characteristics of lymphatic tumors differ from those of 
other transplantable tumors in several respects, this being true even for 
their capacity to grow in the ascites form (2). These differences made it 
interesting to study their growth curves in the ascites form in some detail, 
and to compare them to previous findings. 

While a quantitative rinsing procedure was used in the previous study, 
a dye-dilution method was employed in the experiments described in this 
paper. The two methods and their errors are compared. 


Materials and Methods 
Mice 


The following five inbred strains were used: C3H/St, A/St, C57BL, 
C57L and DBA/2. All the strains were maintained by strict brother < 
sister matings. F, hybrids, produced by various combinations of the 
five strains, were also employed—each tumor being transplanted to mice 
of its own original strain and/or to F,; hybrids between the strain of origin 
and one of the other four strains. The animals used were of both sexes, 

1 Received for publication April 6, 1954. 
2? This work was supported by grants from the Swedish Anti-Cancer Society, the Wallenberg Foundation, 
Lotten Bohman’s Fund, and Robert Lundbergs’ minnesfond. 


3 Our sincere thanks are due to Mrs. Ulla Lomakka, Miss Ulla Sundwall and Mr. Lennart Aquilonius for 


valuable technical assistance. We wish to express our gratitude to Professor Alexander Haddow for the lymphoma 
strain ELA. 
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2 to 4 months old, and weighed 18 to 24 grams. They were given a 
standard compressed diet and drinking water ad libitum. 


Tumors 


a) Lymphoma 6C3HED (Gardner’s lymphosarcoma) originated in 1941 
in the thymus gland of a female C3H mouse treated with equine estradiol 
benzoate (3). In 1950 it was transformed into an ascites tumor (2) and has 
been maintained since then by weekly intraperitoneal transfers of ascitic 
fluid in C3H mice or F, hybrids derived from outcrossing C3H. The 
cellular composition, chromosome cytology, and strain specificity of the 
ascites form has been described (2, 4). 

b) The DBA lymphoma (Dalton’s lymphoma) originated as a tumor 
of the thymus gland in a DBA/2 mouse at the National Cancer Institute in 
1947 (3). The growth of this neoplasm in the ascites form has been stud- 
ied by Goldie and Felix (5) and by one of us (2). The line used was 
transformed into the ascites form in 1950 and has since been maintained 
by weekly ascites transfers, using DBA/2 mice or F, hybrids derived 
from outcrossing DBA/2. 

c) Lymphoma EL4 originated in a C57BL mouse in 1945 after treat- 
ment with dimethylbenzanthracene. Its capacity to elicit ascites forma- 
tion was pointed out by Gorer (6). The solid form was received from 
Professor Alexander Haddow in 1952, and could be converted immedi- 
ately into a typical ascites tumor. It was maintained by serial intra- 
peritoneal transfers of ascitic fluid every 7 to 9 days into C57BL mice 
or F, hybrids derived from outcrossing C57BL. 

For comparison of the techniques used in the present study with the 
methods described in the first paper, the Ehrlich, Krebs-2, and MC1M 
ascites tumors were used. Details of studies on these neoplasms are 
available in previous reports (1, 2). 


Procedure 


Baker et al. (7) have shown that bromsulfalein (BSP) may be used 
to estimate ascitic-fluid volumes for clinical purposes. It was decided 
to attempt the application of the BSP technique for the estimation of 
growth curves of ascites tumors and to compare the results with the 
quantitative rinsing method used previously. While this work was 
already in progress, a paper of Patt ef al. (8) appeared describing the 
measurement of growth of the Krebs-2 ascites tumor by the dilution of 
Evans’ blue dye. 

Mice with ascites were injected intraperitoneally with 0.5 ml. of a 
0.05 percent solution of BSP in 0.15 M NaCl, containing 0.003 M@ Na,HPO, 
(pH: 7.1-7.4). To avoid leakage, an 18-gauge needle was introduced into 
the peritoneal cavity through the posterior side of the right flank. The 
animal was forced to move around in the cage for 3 to 5 minutes, after 
which it was killed by dislocation of the neck. 

Ascites was collected by puncturing the peritoneal cavity with a glass 
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capillary tube. One aliquot of the fluid was centrifuged and the con- 
centration of BSP in the supernatant was determined as follows: 0.1 or 
0.2 ml. of the fluid was mixed with 3 ml. of 0.1 N NaOH. Distilled 
water was added to bring the total volume up to 5 ml. The extinction 
was read at 5,800 and 6,400 A in a Beckman spectrophotometer against 
a blank of a 3:2 mixture of 0.1 N NaOH and distilled water. In alkaline 
solution the absorption maximum is approximately at 5,800 A, and it ex- 
hibits no specific absorption at 6,400 A (9). The light loss at 6,400 A 
was therefore taken as a measure of nonspecific light losses and the 
extinction at 5,800 A was corrected for the nonspecific absorption by a 
simplified Raleigh formula. 

The volume of ascitic serum (defined as the total volume of ascites 
minus volume of cells) was calculated from formula [1]: 


a" (F-1) | (1] 


where gs is the volume of ascitic serum, } is the volume of the BSP solu- 
tion injected, E, is the extinction at 5,800 A corresponding to the BSP 
concentration injected, and EF, the extinction corresponding to the BSP 
concentration in the fluid withdrawn. 

This calculation is based on the following conditions: 

a) The relationship between concentration of BSP and extinction at 
5,800 A follows Lambert-Beer’s law. This was shown to be the case by 
obtaining a straight-line relationship between concentration and extinc- 
tion for the concentration range of 0.05 to 1.4 mg. percent. 

b) BSP is uniformly distributed throughout the ascitic serum during 
the 3 to 5 minutes elapsing between injection and puncture. This was 
demonstrated by puncturing the mouse simultaneously at four different 
sites 5 minutes after injection and determining the specific absorption 
of BSP separately in each of the four samples. The extinction values 
obtained agreed within 6 percent. 

c) No BSP is lost from the peritoneal fluid between injection and 
withdrawal. This was tested by repeatedly puncturing mice at successive 
intervals, after injection with BSP and extrapolating the curves obtained 
to zero time. Two representative examples are shown in text-figure 1. 
The differences between the two cases are primarily due to the different 
number and frequency of puncturing. More frequent sampling leads to 
a comparatively greater loss of ascitic fluid and, as will be demonstrated 
below, resorption of BSP is more rapid, if the volume of ascitic fluid 
decreases. The extrapolation of both curves indicates that about 3 
percent of the BSP injected is being lost from the fluid during the interval 
between injection and the first puncturing. This is in agreement with 
the values found by independent evidence (from tumor-cell counts) and 
reported in part I of “Results.” 


Incubation for 3 hours at 37° C. of ascites containing BSP showed 
no decrease of BSP concentration in the ascitic serum, indicating the 
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PERCENT CHANGE IN BSP CONCENTRATION 


TEXT-FIGURE 1.—Changes in the concentration of bromsulfalein (BSP) in the ascitic 
fluid of two individual mice as determined by repeated punctures after the injection 
of 0.5 ml. of a 0.05 percent BSP solution. Both animals had about 5 ml. of ascites 
prior to injection. The data are expressed as percentage change related to the value 
obtained at the first puncturing. 


impermeability of the tumor cells to the compound under the conditions 
used. 

A second aliquot of the fluid was used to determine the volume ratios 
of sediment and supernatant by centrifuging the sample in a hematocrit 
tube at 3,000 * g for 20 minutes. If h, is the measured volume fraction 
occupied by the sediment, the volume (v) of the entire ascites (serum plus 
cells) can be calculated from formula [2]: 


_stbhu 


V i—i, 


Determination of the total number of free cells in the peritoneal fluid 


A third aliquot of the collected fluid was used for cell counting in a 
Buerker hemocytometer. Two dilutions were counted. If the con- 
centration of cells per ml. is designated as cy, the total number of free 
cells in the entire peritoneal fluid of the mouse (N) can be calculated from 
formula [3]: 


N=c,(v +), [3] 


where v and 6 are the same symbols as in equations [2] and [1], respectively. 
The original cell concentration (c,) in the mouse prior to the injection of 
the BSP solution was estimated from formula [4]: 


Co=Cw 1 +?) [4] 
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Differential counting of cell types 


As previously pointed out (2), the exact differential counting of neo- 
plastic and non-tumor cells in ascites lymphomas involves considerable 
difficulties. If large inocula are used (20 X 10° cells or more), the peri- 
toneal fluid soon becomes (in about 50 hours) a nearly uniform culture 
of small cells of the lymphoblast type. It was therefore decided to use 
large inocula and study the total number of cells, disregarding the ap- 
parently slight admixture of non-tumor cells in the exudate. 

Two categories of deviating neoplastic-cell types could be easily counted 
on smear preparations that were fixed and stained according to the 
Papanicolaou method. These were the karyomere cells with fragmented 
or multilobated nuclei, described for the 6C3HED lymphoma by Levan 
and Hauschka (10), and the cells with pyknotic or otherwise degenerating 
nuclei. Between 600 and 800 cells were counted on each slide and the 
results were expressed as percentage of the total number of cells. 


Average cell volume 


The volume of the average cell was obtained by dividing the volume of 
the cellular sediment (determined by the hematocrit technique) by the 
concentration of cells per ml. The results were expressed in cubic micra. 


Histologic studies 


Tissue samples from different regions of the peritoneal cavity (mesen- 
tery, omentum, fatty tissue, pancreas, parietal and visceral peritoneum, 
etc.) were collected, fixed with 10-percent formalin, embedded in paraffin, 
sectioned at 5 uw, and stained with hematoxylin and eosin. The sections 
were examined to determine the time at which implantation of lymphoma 
cells starts with the different neoplasms studied in the various tissues. 


Results 
I. Methodological 


Recovery of injected ascitic fluid 


For this study, ascites carcinomas and sarcomas with well-recognizable 
tumor cells were used in preference to the lymphomas. Known amounts 
of ascitic fluid containing a predetermined number of tumor cells were 
injected intraperitoneally into groups of 9 to 11 mice. The amount of 
peritoneal fluid and its tumor-cell content were determined 3 minutes 
after injection by the BSP technique. The results are shown in table 1. 

By comparing columns 3 and 4, it appears that the amount of fluid, as 
determined by the BSP technique, was consistently somewhat higher than 
the volume inoculated. This could be due to a resorption of BSP from 
the peritoneal cavity and/or to dilution by small amourts of peritoneal 
exudate produced by the host animal. The question can be decided by 
studying columns 6 to 14. A comparison of columns 7 and 8 shows that 
the apparent number of tumor cells determined by the BSP technique is 
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TABLE 1.—Recovery of injected ascitic 





























Amount found by the BSP | Nu 
method | was | 
paced | Differ- | ber of 
Ascites tumor Lape 9 Siceted Standard | (col. 4 ~ cry 
strain mice Mean deviation col. 3) cells 
(mil- 
(ml.) (ml.) (ml.) (ml.) lions) 
1 2 3 4 | 5 6 | 7 
Peer 1l 0. 5 0. 67 + 0.01 | 0.036 + 0.008 | +0. 17 | 67. 4 
Landschiitz I.. 9 1.0 1.33 + 0.02 0.072 + 0.017 | +0.33 | 195.0 
Ehbrlich...... -| 10 1.4 1.73 + 0.02| 0.075 + 0.017 | +0. 33 | 145.5 
ON ee 9 1.5 1. 86 + 0.03 | 0.091 + 0.021 | +0. 36 not 
Ehrlich....... 10 2. 0 2.34 + 0.03 0.091 + 0.020 | +0.34 | 168.4 
Landschiitz I..| 10 4.0 4.62 + 0.04 | 0. 133 + 0.025 | +0. 62 | 494.8 








also slightly but consistently higher than the number injected. This 
must be due to the resorption of BSP, as no significant number of new 
tumor cells can be expected to be formed during the period of 6 or 7 
minutes elapsing between the inoculation and collection of the fluid. The 


percentage of BSP resorbed is then equal to 100 (1 —*) where N, is the 
d 


number of tumor cells injected and N, is the number calculated by the 
BSP method. The results of this calculation are given in column 12 and 
show that a higher proportion of BSP is resorbed from a small ascitic 
volume than from a larger one. If the values for the volume of ascites 
as determined by the BSP technique (col. 4) are corrected for the resorp- 
tion of BSP, they still remain higher than the volume injected (cols. 13 
and 14). It is concluded that the injection of ascites elicits the for- 
mation of some exudate in the peritoneal cavity during the period of 
6 or 7 minutes that elapse before the fluid is collected for the determina- 
tion of the amount of BSP. The formation of exudate increases as larger 
amounts of ascites are injected (col. 14). 

These results indicate that the use of the BSP technique for measuring 
the growth of ascites tumors involves a slight systematic error, due to 
the resorption of BSP, that tends to increase the values obtained for the 
total cell number. When the volume of ascites is less than 1 ml., the 
error can be estimated to be 10 percent at its maximum, while for higher 
volumes of ascites it will be from 1 to 3 percent. 


Comparison of the rinsing method and the BSP technique 


The following experiment was carried out in order to compare the 
values obtained by the BSP technique with those given by the previously 
used rinsing procedure (1): 

Sixty mice were inoculated intraperitoneally with 1.6 X 10° Krebs-2 
ascites tumor cells. Groups of 4 mice were killed at successive intervals 
after inoculation. The total number of free tumor cells was estimated 
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fluid by the BSP technique 




















Number of tumor cells found by | Difference (col. Percent 
the BSP method 8—col. 7) BSP re- | Column | Column 
sorbed 4cor- | 6 after 
—_— (calcu- rected | correc- 
— Standard - oak of lated from | for re- | tion for 
deviation nit value te the ig sorp- | resorp- 
mil- ~| in cols. tion tion 
(millions) (millions) lions) column 7 and 8) 
8 9 10 11 12 13 14 
| 733+ 1.23 4.08 + 0.86 | +5.9 8. 75 8. 05 0. 59 +0. 09 
| 20221444 13.3 +31 +7.1 3. 64 3. 50 1. 28 +0. 28 
\ —_ 2+ + 4 1442 +3.2 +2. 7 1. 85 1. 82 1. 67 +0. 27 
etermine 
|} 17.8+ 5.2 16.4 + 3.7 +3. 4 2. 02 1. 98 2. 28 +0. 28 
504.0 + 8.31 26.3 + 5.9 +9. 2 1. 86 1. 83 4. 51 +0. 51 




















by the quantitative rinsing technique in 2 mice, while the remaining 2 
were used for determination of tumor-cell number by the BSP method. 
The results are shown in text-figure 2. There is a fair agreement between 
both methods, and the mean difference between the respective pairs of 
values is not significant (n=48, M@=2224 X 10°, d=18.8 X 10%, 
&=18.7 X 10%, t=1.0, P~0.3). 


¥ ge BB 
at 








> 


100 200 300 
HOURS AFTER INOCULATION 
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TEXT-FIGURE 2.—Comparison of the bromsulfalein (BSP) technique and the quan- 
titative rinsing procedure for measuring the growth of ascites tumors. The increase 
in the number of free tumor cells was followed by both methods after the intra- 
peritoneal inoculation of 1.8 X 10° Krebs-2 ascites tumor cells. Each point repre- 
sents a different mouse. 


As pairs of mice were killed at each point of time after inoculation, the 
difference between the total number of tumor cells found in the peritoneal 
fluid of the two individual animals could be used to estimate the vari- 


Vol. 15, No. 2, October 1954 








260 REVESZ AND KLEIN 


ability involved in these determinations. The relative standard error of 
a single determination 





(« _ standard deviation of the differences between =) 
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was 12.5 percent with the BSP and 12.0 percent with the rinsing method. 
This good agreement suggests that the main source of variability is 
common for both methods, and is most probably due to the variation 
among different individual mice with regard to the number of free tumor 
cells present in their peritoneal fluid at a certain time after inoculation 
with the same number of tumor cells from the same pool. The errors of 
the methods used to determine the total number of free tumor cells are 
comparatively small compared with this variation (cf. column 11, table 1). 


IT. Growth Curves of Three Lymphomas 


Total number of free cells 


Text-figure 3 shows the increase of the total number of cells in the 
peritoneal fluid after the inoculation of 20 and 80 million cells, respectively, 
from the different lymphomas. After the inoculation of such large doses 
of cells, the ascitic fluid soon contains a nearly pure culture of lymphoma 
cells, and the curves therefore mainly represent the multiplication of the 
neoplastic lymphoma cells in the peritoneal fluid. 

In contrast to our previous findings on the Ehrlich and MC1M ascites 
tumors (1), the number of lymphoma cells was found to increase exponen- 
tially during a considerable period of time after inoculation. For this 
logarithmic phase, mean generation time was 9.1 hours (inoculum: 20 
million cells) and 10.5 hours (inoculum: 80 million cells) for 6C3HED; 
7.6 hours (20 million cells) for DBA lymphoma; 5.2 hours (20 million 
cells) and 10.1 hours (80 million cells), respectively, for EL4. It would 
appear that mean generation time tends to increase with increasing inocula. 
The growth rate of the three lymphomas (of different anatomical and 
genetic origin, and with different strain specificities) is of a similar order. 

The exponential phase continued until a cell number of about 500 to 700 
million was reached. In lymphoma 6C3HED there was but little increase 
in the number of cells after this (up to about 800 X 10°) and all the mice 
died within a few days. The case was different for the other two neo- 
plasms. Here the cells continued to multiply at an increasingly slower 
rate and reached finally a maximum population of 1,300 to 1,600 million. 
They remained at a stationary level for several days thereafter and showed 
a terminal decrease shortly before the death of the mice. 


Ascites volume as related to cell number 


The concentration of lymphoma cells was not stationary with any of 
the three lymphomas studied, but showed characteristic changes with 
time. Initially the concentration increased, reached maximum value, 
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TEXT-FIGURE 3.—Increase of the total number of cells in the entire peritoneal fluid 
of the mouse after inoculation of 6C3HED, DBA, and EL4 lymphoma cells, respec- 
tively. Each point was obtained by using a different mouse. 


and decreased progressively thereafter. The changes were most pro- 
nounced with EL4, being similar, although less marked, with the DBA 
and 6C3HED lymphomas (text-fig. 4). While the amount of fluid formed 
was directly proportional to the number of tumor cells in the Ehrlich ascites 
tumor during the majority of the growth period [ef. text-fig. 6 (1)], the 
lymphomas all show a more complex relationship between fluid accumula- 
tion and cell multiplication (text-fig. 5). 
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TEextT-FIGURE 4.—Concentration of free cells in the peritoneal fluid after inoculation 


of lymphomas 6C3HED and EL4. Each point represents the average from two 
animals. 
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TExt-FIGURE 5.—Relationship between the total number of free cells and the amount 
of ascitic fluid formed after intraperitoneal inoculation of EL4 and 6C3HED lym- 
phoma cells. The ordinates represent the total amount of ascites after subtraction 
of the average volume of peritoneal fluid in normal mice [0.12 ml. (1)]. 


Data on average, maximum and minimum cell concentration are given 
in table 2._ Values for the Ehrlich and Krebs-2 carcinomas are shown for 
comparison. It appears that there are considerable individual differences 
among the different tumors. With EL4 and 6C3HED all concentration 
values increased when 80 million cells were inoculated, as compared with a 
dose of 20 million cells. 


Average cell volume 


Average cell volume was determined by the hematocrit technique at 
repeated intervals after inoculation. Averages for the whole material 
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are given in table 2. However, the cell volume was not stationary, but 
varied with time after inoculation. The variations were most pronounced 
with DBA lymphoma (text-fig. 6). EL4 and 6C3HED cells showed only 
a slight, but consistent, tendency to decrease with time. 
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HOURS AFTER INOCULATION 


TEXT-FIGURE 6.—Average volume of DBA lymphoma cells as related to the time 
after inoculation. 


It appears that there is a certain inverse relationship between cell 
concentration (column 3, table 2) and cell volume (column 4) in the three 
lymphomas. If the product of both values is calculated, representing 
the average cell mass per ml. of ascitic fluid, it appears that individual 
differences still remain. This is particularly the case if the maximum cell 


mass is compared (column 8), as EL4 clearly exceeds all other ascites 
tumors studied. 
Degenerating cells 


The frequency of cells with pyknotic and karyorrhectic nuclei was 
only a few percent during the exponential phase of growth. Toward 
the end of the logarithmic phase, corresponding to a total cell number of 
500 to 800 million, degenerating cells started to increase considerably in 
frequency in all threelymphomas. For 6C3HED, this is demonstrated by 
text-figure 7. 

A correlation could be demonstrated between the decrease in cell volume 
(described in the previous paragraph) and the increase in the frequency of 
degenerating cells. The correlation was most pronounced with the DBA 
lymphoma (text-fig. 8). Thus the decrease of average cell volume with 
time is partly due to an increasing frequency of pyknotic cells with smaller 
size. Examinations of stained smears (figs. 1 to 6) and extrapolation of the 
regression line depicted in text-figure 8 indicate, however, that a real 
decrease of the volume of viable nonpyknotic cells also takes place. 


Nuclear fragmentation (karyomere formation) in 6CSHED 


The careful studies of Levan and Hauschka (10) on nuclear fragmenta- 
tion (synonyms: formation of karyomeres, idiomeres, micronuclei) in 
6C3HED made it of interest to study this phenomenon as a function of 
time after inoculation. 
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TEXT-FIGURE 7.—Increase in the frequency of degenerated cells and cells with frag- 
mented nuclei (karyomeres, idiomeres, or micronuclei) as related to the increase in 
cell number in the 6C3HED lymphoma. 
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TEXT-FIGURE 8.—Negative correlation between average cell volume and frequency of 
degenerating cells in the DBA lymphoma. Only values obtained later than 120 
hours after inoculation are plotted. Correlation coefficients: r=—0.89, zteo,= 
—1.42 + 0.28. 


The frequency of lymphoma cells with micronuclei or clearly lobated 
nuclei was counted at different times after inoculation. It was found 
that the percentage of cells showing nuclear fragmentation increases 
with time. In order to integrate data from growth curves with dif- 
ferent inocula, the values were plotted against the total number of 
lymphoma cells in the fluid and are given in text-figure 7. An increase in 
the percentage of karyomeres is apparent after a cell number of 3.7 
 10* has been reached and thus slightly precedes the rise of degenerat- 
ing cells which is manifest at a cell number of 5.2 X 10°. 
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Infiltration of some solid intra-abdominal host tissues with lymphoma cells 


The mesenteric fatty tissue and the omentum showed pronounced 
lymphomatous infiltration between 24 and 48 hours after the inoculation 
of 20 X 10° cells with all three neoplasms studied. Pancreatic infiltration 
started between 52 and 95 hours after inoculation. The early involve- 
ment of these tissues is in contrast with the previous findings on the 
Ehrlich ascites tumor (1) where tumorous infiltration usually started 
on the fourth or fifth day after inoculation. 


Discussion 
Comparison of the Methods to Measure the Growth of Ascites Tumors 


In our previous work (1), ascites tumor growth was measured by a 
quantitative rinsing procedure. Simultaneously and independently, Patt 
et al. (8) published results concerning the growth curve of the Krebs-2 
ascites tumor, measured by a dye-dilution procedure. In the present 
paper, a similar dye-dilution method is described and compared with the 
previous rinsing technique. Almost identical results were obtained with 
both methods. A slight resorption of the dye injected introduces a 
systematic error which is small and negligible for ascites volumes larger 
than 1 ml., but increases rapidly with smaller volumes. For such small 
volumes [the measurement of which is of interest to study the latency 
period in the growth cycle of ascites tumors, cf. (1)] the rinsing method 
would seem to be preferable, while the dye-dilution procedure seems to 
be the method of choice for larger volumes for practical reasons. The 
variability among individual animals remains the main source of error 
with both methods. ‘This variability is partly due to errors of inoculation 
and partly to differences in the growth history of the tumor cells in 
different individual animals. 


Growth Curves of the Lymphomas 


It has been shown repeatedly (11, 12 and others) that different strains 
of transmissible leukemia are dissimilar in their growth characteristics— 
particularly with regard to their capacity to involve different tissues of the 
host. Each strain retains its characteristics through many successive 
passages. 

The present work has shown that inherent differences exist between 
mouse lymphomas, even with regard to their growth in the ascites form. 
These differences mainly concern the relationship between cell multiplica- 
tion and production of ascitic fluid, the final maximum size of the cell 
population in the ascitic lymphoma, and average cell volume. Some of 
these points are discussed below. 

All three ascites lymphomas studied differ considerably in their growth 
behavior from the previously studied Ehrlich ascites carcinoma and 
MCIM ascites sarcoma. During their most active period of growth, 
lymphoma cells multiply exponentially, while the proliferation of Ehrlich 
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and MC1M was characterized by continuously increasing generation 
times. Ascites volume does not increase in direct proportion to the num- 
ber of lymphoma cells; cell concentration shows rapid increase followed 
by continuous decrease, instead of being constant during the majority of 
the growth period. 

Another major difference between the two groups of tumors lies in the 
systemic character of neoplastic growth in the case of the lymphomas, as 
opposed to the more or less localized proliferation of Ehrlich and MC1M 
within the peritoneal fluid. Lymphoma cells are detectable after a few 
days in a number of internal organs and appear in increasing numbers in 
the blood [ef. (12)]. The actual number of free lymphoma cells in the 
ascitic fluid is thus only a fraction of their total number within the host 
organism. 


Relationship Between the Multiplication of Free Lymphoma Cells and 
Accumulation of Ascitic Fluid 


For the Ehrlich ascites tumor, the formation of peritoneal fluid was 
found to be directly proportional to the multiplication of free tumor cells 
during the major part of the growth period (1). Toward the end of the 
cycle (“Terminal period’’) the fluid continued to increase without a pro- 
portional increase in cell number, resulting in a fall of the cell concentra- 
tion. It may be suggested that with this neoplasm, where free tumor 
cells multiply in the fluid without infiltrating the solid tissues of the host 
to any major degree during the earlier phases of their growth, ascites 
accumulation is primarily due to causes other than lymphatic obstruction 
or related mechanical factors. The direct proportionality between num- 
ber of tumor cells and fluid volume suggests that the neoplastic cells 
themselves are responsible for the production of exudate. The formation 
of exudate as an inflammatory response toward the foreign proteins (if 
any) of the tumor cells could be one explanation. Alternatively, low- 
molecular breakdown products of the actively metabolizing tumor cells 
would be osmotically more active than their high-molecular precursors on 
which the tumor cells feed, and could therefore be held responsible, at 
least in part, for fluid accumulation. The increasing disproportion be- 
tween fluid and cells toward the end of the growth period is, on the other 
hand, concomitant with increasing tumorous infiltration of the mesentery, 
omentum, and other structures in the peritoneal cavity, and can therefore 
be assumed to be the result of the progressively deteriorating drainage of 
the cavity due to lymphatic obstruction. 

In the case of the lymphomas, infiltrative growth is more pronounced 
than with Ehrlich and starts earlier. While tumorous infiltration of the 
mesentery and other intra-abdominal tissues started 92 to 129 hours 
after inoculation of the Ehrlich ascites tumor, lymphomatous infiltration 
was already present after 24 to 48 hours with all three lymphomas studied 
in the present work. Referring to an inoculum dose of 20 X 10° ascites 
cells, this means that infiltration starts when the total number of free 
6C3HED cells in the peritoneal fluid is between 40 and 92 million; the 
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corresponding value being 37 to 78 million cells for DBA lymphoma, about 
20 million cells for EL4, and 265 to 500 million cells for Ehrlich. In 
accordance with the tentative explanation presented above, fluid accumu- 
lation and multiplication of free lymphoma cells are becoming rapidly 
and increasingly disproportional with time, resulting in a progressive fall 
of cell concentration. The phenomenon is most pronounced with lym- 
phoma EL4, which is the one that produces the most extensive infiltration 
of solid intra-abdominal tissues among the three lymphomas studied. 
It is tentatively concluded that mechanical obstruction, due to tumorous 
infiltration, is probably the primary factor producing ascites in these three 
lymphomas. 

Using leukemias Ak4 and C1498, Goldie et al. (13, 14) studied the 
changes in cell concentration in the peritoneal fluid after inoculation of 
different numbers of leukemic cells and obtained curves similar in trend 
to our present ones, denoting initial increase of cell concentration, maxi- 
mum concentration, and progressive decrease. From their curves, 
Goldie et al. concluded that a drop in the number of leukemic cells occurs 
in the peritoneal fluid after a certain period of time and that this reduction 
is due to a “‘sudden escape”’ of leukemic cells from the fluid into the blood. 
In fact, Goldie et al. studied the concentration and not the total number 
of leukemic cells in the peritoneal fluid. A drop in concentration does 
not indicate a drop in total number unless it is shown that ascites volume 
remains constant. In all three lymphomas studied in the present work, 
a similar drop in concentration occurs, but the total number of lymphoma 
cells continues to increase. The decrease in concentration is consequently 
due to increased production of ascitic fluid. A comparison of text- 
figures 3 and 4 shows that cell multiplication comes to a standstill at a 
period considerably later than the drop in cell concentration occurs and 
that no sudden decrease in the total number of cells can be demonstrated. 


Cell Degeneration and Average Cell Volume 


A progressive increase in the number of degenerated cells with time 
was apparent during the later stages of the growth cycle with all three 
lymphomas studied. This is in contrast to the previous findings with 
the Ehrlich ascites tumor where the majority of the cell population 
remained viable during the entire growth period. The difference may 
be correlated with the anoxic conditions in the ascitic fluid (15), as lym- 
phatic cells are known to be highly sensitive to the lack of oxygen (16). 
In metabolic studies (17), leukemic cells have furthermore been shown 
to be extremely sensitive to the composition of the incubation medium. 
A higher death rate toward the end of the growth cycle probably reflects 
the lower flexibility of cell metabolism in the lymphoma cells toward 
adverse conditions due to crowding, deterioration of the general condition 
of the animal, etc. Lack of oxygen and glucose in the ascitic fluid (15) 
may be major contributing factors. 

Levy et al. (18) have studied the nucleic acid content and various 
metabolic characteristics of the DBA lymphoma. They also determined 
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the average volume of the cells as a function of the physiological age of 
the tumor. Their curve shows an initial rise, followed by a progressive 
fall in cell volume. Similar curves were obtained for the nucleic acid 
content of the cells. 

The cyclic variation in cell volume as found by Levy and his collab- 
orators was confirmed in the present work (cf. text-fig. 6). It could be 
shown, however, that the fall of cell volume is strongly correlated with 
an increasing frequency of pyknotic cells (text-fig. 8). It would therefore 
appear that cell degeneration is, at least in part, responsible for the 
progressive decrease of cell volume with time, and probably also for the 
fall of the average nucleic acid content of the cells, as described by 
Levy et al. 


Karyomere Formation in 6C3HED 


Levan and Hauschka (10) described the occurrence of an interesting 
change in the cytologic appearance of the 6C3HED ascites lymphoma. 
While the Stockholm line of this tumor (the one used in the present study) 
contains only 10 to 20 percent of cells with lobated nuclei or micronuclei 
(“fragmented nuclei,” “karyomeres’’), the rest being mononuclear, the 
Philadelphia line of Hauschka (deviated from our line in 1950) changed 
spontaneously to a much higher frequency of cells with lobated nuclei 
(50 to 99 percent) between 1951 and 1952. Levan and Hauschka have 
shown that the multinucleate, predominantly diploid cells are capable of 
re-entering mitosis and go through a perfectly normal mitosis. They 
have also discussed the possible positive survival value of the karyomere 
condition under certain circumstances. 

The present work on the unchanged line of 6C3HED with low frequency 
of karyomeres has shown that a correlation exists between the frequency 
of micronuclei and the physiological age of the tumor.‘ The rise of 
karyomeres with advancing age slightly precedes the increase of degener- 
ating cells and could itself be a degenerative phenomenon. This expla- 
nation is unlikely, however, in view of the findings of Levan and Hauschka 
on the survival capacities of these cells. Alternatively, they may repre- 
sent physiological adaptation of the lymphoma cells to the deterioration 
of their culture medium with time, the change being reversible upon 
further transplantation into a healthy animal. As a third explanation, 
it could be conceived that the cell population of 6C3HED is heterogeneous 
and consists of two “stemlines,”’ one mononuclear and the other multi- 
micronuclear. Under the more favorable conditions of the “young” 
tumor, the former type would have a more rapid growth rate, while 
during progressive anoxia and lack of nutrients in the “old’’ tumor 
karyomeres would possess positive selective value with consecutive rise 
of their relative number. The cellular composition of the tumor at 


# Only cells with several micronuclei, or distinctly lobated nuclei, and without signs of pyknotic degeneration 
were counted as “karyomeres”’ in the present work. In figure 3 (p. 143) of reference (10), for instance, cells a to 
b would be counted as mononuclear, cells c to k as karyomeres, cells 1 to o as pyknotic, and cells p, q, and t 
as Karyomeres according to our criteria. Our data thus show an increase even of the nonpyknotic lobated and 
multinucleated cells with time. 
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given growth stages would be kept at equilibrium due to the cyclic nature 
of the postulated changes. An increase in the growth rate of the karyo- 
mere cells due to e.g. mutation would, on the other hand, lead to their 
selective concentration; a possible explanation of the phenomenon de- 
scribed by Levan and Hauschka. 


Summary 


A dye-dilution technique was used to measure the growth of ascites 
tumors and compared with the previously developed quantitative rinsing 
procedure. Good agreement was obtained between the two methods. 

The growth curve of three lymphomas (6C3HED, DBA and EL4) 
growing in the ascites form was studied. Essential differences exist be- 
tween the lymphomas and the previously studied Ehrlich ascites carci- 
noma and MCI1M ascites sarcoma (1) with regard to growth character- 
istics. During their most active phase’ of growth, free lymphoma cells 
show an exponential increase in number. Accumulation of ascitic fluid is 
not directly proportional to cell number; cell concentration shows initial 
increase, Maximum, and progressive decrease during later stages of growth. 
The average cell volume of the ascites cells undergoes similar cyclic 
changes. The fall of cell concentration and cell volume during the later 
stages is correlated with an increase of the frequency of pyknotic cells. 

Infiltration of solid intra-abdominal] tissues with neoplastic cells starts 
much earlier than with the Ehrlich ascites tumor. The possible signifi- 
cance of this fact with regard to the differences in the relationship between 
the multiplication of cells and the accumulation of fluid is discussed. 

Individual differences between the three lymphomas studied concern 
the size of the final maximum population, average cell volume and cell 
concentration. 
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PuaTE 21 
Smears of ascitic fluid, prepared by the Papanicolaou method. X 1,200 


Figure 1.—DBA lymphoma, 130 hours after the inoculation of 2 million cells. Amount 
of peritoneal fluid: 0.73 ml.; total cell number 100 X 10°. 


Ficgure 2.—The same, 239 hours after the inoculation of 20 million cells. Amount of 
peritoneal fluid: 7.62 ml.; total cell number 1,314 X 10° Note decreased cell size 
and appearance of pyknotic cells. One histiocyte. 


Figure 3.—6C3HED lymphoma, 96 hours after the inoculation of 20 million cells. 
Amount of peritoneal fluid: 1.61 ml.; total cell number 411 X 10° One mitosis. 


Figure 4.—The same, 244 hours after the inoculation of 2 million cells. Amount of 
peritoneal fluid: 5.79 ml.; total cell number 931 X 10°. Note degenerating cells and 
decreased size. 


Figure 5.—EL4 lymphoma, 72 hours after the inoculation of 80 million cells. Amount 
of peritoneal fluid: 0.25 ml.; total cell number 215 X 10° One mitosis. 


Figure 6.—The same, 288 hours after the inoculation of 80 million cells. Amount of 
peritoneal fluid: 2.83 ml.; total cell number 1,280 X 10° Note high incidence of 
pyknotic cells. 





























The Growth Patterns of Some Trans- 
plantable Animal Tumors in Sponge 
Matrix Tissue Culture ':? 


JosEPH LeicHToNn,* Laboratory of Pathology, Na- 
tional Cancer Institute,* Bethesda, Md. 


A simple method for tissue culture using a combined matrix of cellulose 
sponge and plasma clot has been described (1). The culture can be studied 
with the same histologic techniques as used for tissues from the body. 
The growth from a variety of tissues of the chick embryo as well as a 
mammary tumor of the mouse (C3HBA) produced distinctive histologic 
patterns. 

The study reported here was undertaken chiefly to determine the 
extent to which tumors of different origin produce organized aggregates 
of cells. 

Eight transplantable animal tumors were grown in tissue culture using 
a combined matrix of cellulose sponge and plasma clot. These included 
the Cloudman melanoma S91, mammary adenocarcinoma C3HBA, 
ovarian teratoma E6496, reticulum-cell sarcoma F8469, lymphosarcoma 
L1210, and strain L sarcoma all of the mouse; and ovarian papillary 
adenocarcinoma and hepatoma N of the rat. 


Method 


Preparation of the cultures involved three fundamental components: 
a thin piece of cellulose sponge, chicken plasma, and a liquid nutrient 
mixture. The nutrient was composed of horse serum, Hanks’ balanced 
salt solution, and a 50 percent extract of 9-day-old chick embryos, in the 
ratio of 2:2:1. The sponge and adjacent glass wall of the culture tube 
were moistened with a drop or two of plasma. Two to four tissue frag- 
ments, each about 1 mm. in diameter, were suspended in one or two drops 
of liquid nutrient mixture and placed on the sponge. The combined 
solutions were rapidly mixed and rinsed through the interstices of the 
sponge. The tube was kept in a horizontal position with the sponge on 


1 Received for publication May 14, 1954. 

3 Presented before the Annual Meeting of the Tissue Culture Association, March 25, 1953, Columbus, Ohio. 

* The author is pleased to thank the following persons for kindly providing the tumors used in this study: Dr. E. 
Fekete of the Jackson Memorial Laboratory at Bar Harbor, Maine; Dr. Ivor Cornman of the Warwick Memorial 
Clinic of The George Washington University School of Medicine, Washington, D. C.; and Dr. Thelma B. Dunn, 
Dr. G. H. Algire, Dr. R. Greenfield, Dr. L. W. Law, and Dr. A. Symeonidis, all of the National Cancer Institute, 
Bethesda, Maryland. 

* National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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the lower wall, while the clot formed. Thereafter the culture was incu- 
bated at 37.5° C., and maintained and studied in the same way as roller- 
tube cultures (2). 

Two types of culture tubes were used. One was a standard 16 X 150 
mm. pyrex bacteriologic culture tube, the other a simple modification of 
this tube, adapted during the progress of the study. The tube was 
modified by flattening the cylindrical wall above the closed end to form a 
rectangular, plane surface 34 mm. long and 12 to 13 mm. wide. This 
permitted the preparation of a sponge matrix culture and a “flying 
coverslip” culture simultaneously in the same tube. The coverslips 
measured 22 X 11mm. With the modified tube, growth of a tissue in the 
sponge matrix could be examined without distortion from the wall of the 
tube. In addition, growth in the sponge could be compared with growth 
in the thin plasma clot both in the living culture and in fixed and stained 
preparations. 

When the sponge culture was to be fixed it was removed from the tube 
and placed on a flat glass surface. Five drops of Helly’s fixative were 
placed on the sponge at first, to prevent curling as it hardened. After 
2 minutes, the flat, stiffened sponge was transferred to a vial with 20 ml. 
of Helly’s fixative for 30 minutes. It was washed in tap water for 1 hour, 
and thereafter dehydrated, embedded, sectioned 6 microns thick, and 
stained as any tissue for microscopic study. 


Observations 


Cloudman melanoma.—The Cloudman melanoma S91 of the mouse (3) 
may be intensely or not at all pigmented. On histologic examination, 
the tumor in the mouse may be sarcomatous, or carcinomatous in pattern. 
A section of a specimen from which seven cultures were prepared is shown 
in figure 1. The tumor had an epithelial pattern, and the cells were 
arranged in irregular, anastomosing cords. The cytoplasm of many cells 
contained diffuse pigment that is not recognizable in the photograph. 
Growth in culture was luxuriant, and the tumor cells spread out rapidly 
from the explant as swarms of spindle-shaped cells, so that in 5 days 
many interstices of the sponge contained large numbers of cells. 

The cultures were all interrupted after 23 days. At this time, extensive 
lysis of the clot had developed. In a few areas, as shown in figures 2, 3 
and 4, anastomosing bands of spindle-shaped tumor cells and cords of 
epithelium-like tumor cells were draped across the interstices of the sponge. 
Many intensely pigmented macrophages were in contact with the sponge 
structure, while others were found interspersed between columns of tumor 
cells. The cytoplasm of many tumor cells had a homogeneous brown hue. 

Mammary adenocarvinoma.—Fragmentary observations on the growth 
in sponge matrix of a mammary adenocarcinoma of the mouse, C3HBA, 
have been reported (1). The tumor in the mouse (4) was composed of 
epithelial cells arranged in a uniform pattern of small clusters with very 
sparse stroma (fig. 6). Neither necrosis nor formation of cysts was often 
found in this tumor. Acinar structures such as those seen in figures 6 
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and 11 were not common and were found most frequently in areas of 
condensed connective tissue, e.g. at the margins of the tumor. 

Five series of tubes comprising 29 cultures were prepared. Figure 5a 
shows a tube a few hours after preparation; figure 56 shows the same 
culture after 2 weeks of growth. The explants lost their distinct outlines 
and the outgrowth spread into the sponge, obliterating many of the sponge 
pores visible in figure 5a. Cultures were maintained for 13 to 37 days. 
The tissue was histologically consistent in fundamental architecture in all 
tubes. Epithelial cells predominated. In younger cultures, where the 
plasma clot was largely intact, the cells grew mainly as membranes of a 
single cell layer on the surfaces between the sponge and the plasma clot, 
or less frequently, as small club-shaped cords of cells extending into the 
clot. In addition, as in figure 7 from a 15-day-old culture, many clusters 
of cells as well as distinct glands were seen. In older cultures, where 
liquefaction was extensive, the tissue was composed of complex, papillary, 
glandular structures (figs. 8, 9, and 10). 

The mammary adenocarcinoma in the sponge was characterized by a 
consistent histologic pattern that closely resembled the glands sometimes 
found in the tumor in vivo (fig. 11), as well as in the alveolar ducts of 
mammary glands and in sweat glands. The tissue in vitro consisted of a 
double layer of cuboidal epithelium as the basic architecture of newly 
formed glandular structures and papillary processes. In many areas 
showing a high degree of organization of epithelium, no distinct connective- 
tissue stroma was recognized with hematoxylin and eosin, Wilder reticu- 
lum, van Gieson, Masson trichrome, or periodic acid-Schiff preparations. 
This suggests that connective-tissue stroma may not be entirely essential 
in the formation of some tissues, except as support. 

Ovarian carcinoma.—An ovarian papillary adenocarcinoma of the rat 
(5) was grown subcutaneously as a solid tumor or as an intraperitoneal 
ascites tumor. Both the solid tumor tissue and the sediment from the 
ascites fluid grew well in vitro. On microscopic examination of the solid 
tissue, necrotic areas and zones of viable tumor were seen to be intimately 
mixed. Homogeneous, acidophilic, hyaline material was seen between 
the tumor cells, and sometimes as droplets in the cytoplasm (fig. 12). 
Wilder’s reticulum preparations showed fibrils of reticulum in contact 
with the hyaline material between the tumor cells. The hyaline sub- 
stance was positive in periodic acid-Schiff reaction after diastase digestion. 
It has been designated as “mucoid” substance by Symeonidis and Mori- 
Chavez (5) until its nature may be more precisely defined. 

Six cultures, prepared from the solid subcutaneous tumor, were inter- 
rupted after 14 to 31 daysof growth. The cells spread out on the interface 
of the sponge and plasma clot (fig. 13). In one culture fixed after 11 days 
of growth, tumor cells and connective tissue were abundant (fig. 14). 
A nest of tumor cells in a loose connective-tissue stroma is seen in the 
figure. 

Seventeen cultures, prepared from the sediment of the ascites fluid, were 
interrupted after 1 to 11 days. Growth throughout the interstices was 
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extensive after 3 to 4 days and liquefaction of the clot was marked. In an 
11-day-old culture, periodic acid-Schiff positive hyaline material appeared 
as very thin filaments between columns of cells (fig. 15), much as in the 
donor solid tumor. No reticulum fibers were seen in the hyaline material 
in Wilder reticulum preparations but there was a diffuse stippling of the 
surface of the tumor cells with very fine black granules. In many areas 
of new growth the cells appeared in a loose papillary arrangement. 

Hepatoma N.—Hepatoma N of the rat induced by p-dimethylamino- 
azobenzene (6) was kept by successive intraperitoneal transplantation. 
It grows very rapidly in the young rat, forming large omental tumors in 
5 days, killing in 9 days, and commonly producing massive intra-abdom- 
inal hemorrhage as a terminal event. ‘The tumor in the rat is composed of 
a monotonous pattern of poorly defined cords of large epithelial cells with 
large and hyperchromatic nucleoli (fig. 16). Many mitoses, and scat- 
tered pyknotic cells are seen. The tumor is vascular in many areas and 
dilated sinusoids lined only by an endothelium are numerous. 

Ten cultures were interrupted after 1 to 9 days. Growth was good and 
the plasma clot was rapidly liquefied. In areas where the plasma clot was 
intact, short columns of cuboidal epithelial cells were found extending into 
it within 2 days. Occasionally these columns showed club-shaped thick- 
ening at their tips, and in a few instances there was a suggestion, both in 
the living culture and on section, of a glandular lumen within these thick- 
ened areas. In addition, isolated, large, stellate and spindle-shaped cells 
were seen in the clot, as well as sheets of cells on the clot surfaces. Where 
liquefaction was extensive, the residual cores of plasma clot were frag- 
mented and showed increased eosinophilia. Cells resembling those of the 
tumor of origin were loosely adherent to the surfaces of the remaining clot 
particles (fig. 17). 

Unlike the tissue pattern produced in cultures of chick-embryo liver (1), 
the aggregates of hepatoma cells showed no organoid characteristics. 
The tumor cells were loosely packed and, where the clot had liquefied, 
they were in direct contact with the liquid nutrient. This is in striking 
contrast to the growth of chick-embryo liver in sponge matrix where large 
aggregates of hepatic cells form conglomerate acinar structures which are 
completely enclosed by endothelium-like cells. 

Earle’s strain L sarcoma.—The strain L sarcoma, which appeared when 
a culture of mouse connective tissue exposed to methylcholanthrene in 
vitro was injected into a mouse, has been kept by successive subcutaneous 
transplantation in mice (7). It appears on histologic section as an undif- 
ferentiated tumor with multiple areas of necrosis (fig. 18). Thirteen 
cultures were prepared, and interrupted after 17 to 35 days of growth. 
In sponge matrix the tumor grew vigorously and liquefied the clot actively. 
There was a wide variation in the size of cells and nuclei, as well as in the 
intensity of staining. In areas where the plasma clot was partially intact 
the cells were spindle-shaped or round. Where liquefaction was complete 
all of the cells, even those in large aggregates, were round (fig. 19). 

Two distinct classes of cells emerged in culture. In one class the cell 
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contained a small spherical nucleus, or occasionally two nuclei, which 
stained homogeneously and heavily with hematoxylin. The cytoplasm 
was abundant, stained intensely with eosin, and was strongly positive in 
periodic acid-Schiff preparations. The second class of cells was char- 
acterized by large nuclei and scant cytoplasm. The nuclei contained 
coarse clumps and bars of chromatin material. The cytoplasm stained 
faintly, was amphophilic with hematoxylin and eosin, and was negative 
after periodic acid-Schiff treatment. 

Malignant lymphoma. —Cultures were prepared from two malignant 
lymphomas, a lymphoblastic leukemia and a reticulum-cell sarcoma, both 
of the mouse. 

Leukemia L1210 (8), when injected subcutaneously, produced a poorly 
defined area of leukemic-cell infiltration and hemorrhage locally, as well as 
a generalized leukemia with involvement of liver, spleen, lymph nodes, 
and peripheral blood (fig. 20). Seven cultures were prepared from the 
tissue at the site of implantation, and interrupted in 3 to 10 days. After 
the initial migration of lymphocytes on the first day, no striking prolifer- 
ation or migration of such cells was observed around the explants. How- 
ever, histologic sections of week-old cultures showed many viable lym- 
phoma cells, some in mitosis, in several of the explants and in the plasma 
clot adjacent to the explants. Figure 21 shows the margin of an explant 
of tumor tissue after 7 days in vitro. 

Reticulum-cell sarcoma F8469 (9) also produced a hemorrhagic indu- 
ration when injected into the subcutaneous tissue of the mouse. The 
microscopic structure of the tumor in an area free of necrosis is shown in 
figure 22. Ten cultures were prepared and interrupted after 1 to 8 days. 
Good growth, observed within 24 hours, was maintained through the 8-day 
period of observation. Sections of the cultures showed many aggregates 
of cells in the sponge that were similar in appearance to the cells in the 
tumor tissue examined directly from the mouse (fig. 23). 

Teratoma.—The Fekete teratoma E6496 (10) arose in the ovary of a 
mouse. Sections of the tumor maintained in subcutaneous transplants 
in C3H mice show a variety of structures including nests of undifferen- 
tiated epithelium, neuroepithelium, squamous epithelium, ciliated and 
mucous columnar epithelium, bone, cartilage, and smooth muscle (fig. 24). 
Dense extracellular accumulations of coarse granules of brown pigment 
are seen in some areas. 

The growth into the sponge interstices in a series of 9 cultures maintained 
for 1 to 10 days was extensive. Squamous epithelium was prominent. 
After 5 days in culture, squamous epithelium extended as slender processes 
into the sponge and formed keratin pearls in some areas (fig. 25). Tissue 
with epithelium and stroma was suspended across interstices of the sponge 
and at some points was attached to the sponge (figs. 26 and 27). 

A line of the teratoma has been developed recently that grows in ascites 
form. The hemorrhagic peritoneal fluid of mice bearing such an ascites 
implant contained enormous numbers of tumor cells. The omentum, 
mesentary, ovaries, and paravesicular connective tissue all showed exten- 
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sive infiltration with tumor. The tumor masses from the peritoneal 
cavity, as well as the ascites sediment, grew well in vitro. During short 
periods of cultivation the growth pattern was generally similar to that 
from explants of the subcutaneous tumor. However, the growth of 
tumor from the abdomen in vitro was less well differentiated, keratinized 
squamous epithelium less commonly seen, and spindle-cell stromal ele- 
ments were sparse. 
Discussion 


Most of the neoplastic tissues that have been studied, as well as embry- 
onic tissues (1), grow well in a combined matrix of cellulose sponge and 
plasma clot. The pattern of cellular growth often resembles that found 
in the original tissue. This organized arrangement of cells may develop 
because some conditions in the original tissue are more closely simulated 
in sponge matrix than in a thin plasma clot. 

Several factors may be considered as contributing to the greater 
similarity between in vivo and in vitro growth when the sponge matrix is 
used. First, the role played by the orientation and rigidity of the fibrin 
reticulum in the differentiation of cells has been stressed by various inves- 
tigators (11-13). The reinforcement of the plasma clot by mterlacing 
sponge trabeculae effectuates a change in the spatial arrangement of the 
fibrin filaments which allows the cells to grow in all directions. The 
colloidal fibers (fibrin), firmly adherent to the cellulose, stretch for short 
distances across the interstices of the sponge, and produce a rigid laby- 
rinth into which the cells migrate. In thin plasma-clot cultures, on the 
other hand, the fibrin is in long, more pliable filaments, encouraging the 
growth of a two-dimensional culture with radial symmetry. Second, the 
sponge creates a tremendous increase in plasma-clot surface which par- 
ticularly favors the growth of epithelial cells. Third, reduced diffusion 
due to confined physical conditions for groups of cells within a sponge 
interstice may produce a local reduction in metabolic exchange with the 
general tissue culture environment, and provide the cells with distinct 
nutritional advantages. Essential unstable intermediate metabolites pro- 
duced by the cells may be effectively utilized locally in synthetic processes, 
rather than being greatly diluted by spilling into the relatively large 
volume of the liquid nutrient mixture. Fourth, as cells migrate, and as 
the plasma coagulum is altered by lysis and by patching with fresh plasma, 
transient or prolonged local diffusion gradients develop. Such chemical 
gradients are believed to favor the formation of morphologic gradients 
within aggregates of cells (14). They may contribute to the spatial 
orientation of groups of cells within the sponge interstices and influence 
the structure of papillary processes, glands, and cornifying epithelium. 
Fifth, the sponge trabeculae may act as wicks and provide mechanical 
pathways for metabolic exchange deep in the plasma clot. In this capacity 
they may partially substitute for a capillary circulation. 

We have seen that many tumors in sponge matrix have a structure 
which is remarkably similar to that of the original tumor. Since structure 
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and function are often correlated, it may be that many of the functional 
qualities of the original tumor are also retained. Experiments on tumor 
tissue growing in vitro can be undertaken with the possibility that many 
of the observations, both morphologic and metabolic, can be correlated 
with changes that occur in the body. 


Summary 


The growth pattern in vitro of eight transplantable animal tumors using 
a combined matrix of cellulose sponge and plasma clot is described. 
Standard histologic techniques permitted microscopic examination of the 
growth in the sponge. 

The tumors studied were: mammary adenocarcinoma, ovarian tera- 
toma, malignant melanoma, reticulum-cell sarcoma, lymphosarcoma and 
strain L sarcoma of the mouse; and ovarian papillary adenocarcinoma 
and hepatoma of the rat. 

Specific types of tissue, especially epithelium, could be recognized in 
the highly organized outgrowths of the tumors in vitro. Complex papillary 
and glandular patterns were seen in growths of the mammary tumor, and 
delicate papillary structures of the ovarian carcinoma. A varied tissue 
was produced by the teratoma, with distinct pearls of keratinized epi- 
thelium. 
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PLATE 22 


Figure 1.—Histologic section of original donor tumor, Clov:dman melanoma §91, 
subcutaneous transplant in a strain DBA mouse. Anastomosing cords and clusters 
of tumor cells separated by narrow sinusoids may be seen. Pigment cannot be 
identified in the photograph. Hematoxylin and eosin. X 430 


Figures 2 and 3.—Cloudman melanoma grown in vitro in sponge matrix. Thick 
cords of tumor tissue, composed of tumor cells and pigmented macrophages, are 
attached to the sponge in many areas and, in the presence of complete liquefaction 
of the plasma clot, tumor tissue is suspended across the interstices of the sponge. 
Hematoxylin and eosin. X 100 


Figure 4.—Detail of an area from figure 2. Cords of epithelium-like cells are seen, 
interspersed with macrophages filled with dark-brown pigment (black in photo- 
graph). Hematoxylin and eosin. X 430 


Figure 5a.—Living culture of mammary tumor C3HBA of the mouse in vitro on 
sponge matrix, as seen a few hours after preparation. Approximately X 6 


Figure 5b.—Same culture after 2 weeks in vitro. Approximately X 6 
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PLATE 23 


“1GURE 6.—Histologie section of original donor tumor, mammary adenocarcinoma in 
a strain C3H mouse. Compact clusters of cells and occasional acinar structures 
are seen. Hematoxylin and eosin. > 100 


IGURE 7.—Mouse mammary adenocarcinoma in vitro on sponge matrix. In this 
15-day-old culture epithelial cells form glands, globular clusters, and cords. Hema- 
toxylin and eosin. < 250 


_— 


‘IGURE 8.—Mouse mammary adenocarcinoma in vitro on sponge. In this 28-day- 
old culture there are many glandular structures with lumens of various size contain- 
ing hyaline eosinophilic material. The entire structure is covered with epithelium. 
Hematoxylin and eosin. X 100 


_ 


IGURE 9.— Mouse mammary adenocarcinoma in sponge. In this 37-day-old culture 
a complex papillary glandular structure is seen. Hematoxylin and eosin. X 100 


—_ 


‘1GURE 10.— Mouse mammary tumor in a 37-day-old sponge culture in vitro. Detail 
of papillary glandular structure which shows a regular double-cell layer both on 
the outer surface and within the structure. Mitoses are numerous. Hematoxylin 
and eosin. < 800 


Ficgure 11.—Histologic section of original donor mammary tumor from subcutaneous 
transplant. Detail of comparatively rare glands for comparison with figure 10. 
Hematoxylin and eosin. X 800 
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PLATE 24 


FicgtrReE 12.—Histologic section of original donor tissue, ovarian papillary adeno- 
carcinoma, from a solid tumor-tissue transplant in the rat, prepared by the periodic 
acid-Schiff method. Hvyaline material which shows a positive reaction, 
an arborization of thin filaments on which the cells are found. 
areas are intimately mixed. 250 


appears as 
Necrotie and viable 


FictrE 13.—Outgrowth from solid explant of ovarian carcinoma on sponge matrix 
after 21 days. The tumor cells are found on the surface between plasma clot and 
cellulose sponge. The large clear areas between sponge and tumor cells reflect 

partial clot liquefaction as well as an artefact of shrinkage. 


Hematoxylin and 
eosin. < 250 


Figure 14.—Ovarian carcinoma after 11 days in culture. In the outgrowth a nest 
of carcinoma cells is seen in a loose connective-tissue stroma. Hematoxylin and 
eosin. < 250 


Figure 15.—The growth of ovarian carcinoma from ascites sediment after 11 days 
in culture. In periodic acid-Schiff preparations, areas of dense growth show the 
formation of positive reacting intercellular hyaline similar to that of the solid tumor 
tissue (fig. 12). * 250 
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PLATE 25 


Figure 16.—Histologie section of original donor tissue, hepatoma N, from transplant 
in the rat. Large epithelial cells in irregular poorly defined cords are seen. The 
nuclei are large, and contain single, dense, hyperchromatic nucleoli. Scattered 
individual cells, as well as small groups of cells are pyknotic. Stromal elements 
are extremely sparse. Hematoxylin and eosin. X 430 


Ficcure 17.—Hepatoma N in sponge matrix after 8 days. Extensive clot liquefaction 
and a residual core of hyalinized eosinophilic clot irregularly covered by tumor 
cells is seen. The sponge material appears faintly gray, with irregular granular 
stippling. Hematoxylin and eosin. X 430 


Ficgtre 18.—Histologic section of donor tissue, strain L sarcoma in C3H mouse. 
Small foci of necrosis are interspersed between viable tumor cells. Hematoxylin 
and eosin. <x 430 


Figure 19.—Strain L sarcoma after 17 days in culture. Liquefaction of plasma clot 
is complete here. Most of the cells have small densely stained nuclei with abun- 
dant eosinophilic cytoplasm. Other cells are seen with relatively sparse cytoplasm 
and vesicular nuclei which contain dense irregular chromatin bars. Hematoxylin 
and eosin. 430 
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PLATE 26 


Figure 20.—Histologic section of donor tissue, leukemia in the mouse. Leukemic 
cells infiltrating subcutaneous connective tissue. Hematoxylin and eosin. X 430 


Figure 21.—Mouse leukemic tissue in sponge matrix culture for 1 week. This 
field, from the margin of an explant, shows many viable tumor cells as well as a 
few large macrophages with foamy cytoplasm. Hematoxylin and eosin. 430 


Figure 22.—Histologic section of donor tissue, reticulum-cell sarcoma of the mouse. 
Hematoxylin and eosin. 430 


Ficure 23.—Reticulum-cell sarcoma of the mouse after 6 days in sponge matrix. 
Hematoxylin and eosin. X 430 
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PLaTE 27 

Ficure 24.—Histologic section of donor tissue, teratoma of the mouse which arose in 
the ovary. A large group of epithelial cells has formed a keratin pearl. Several 
groups of less highly differentiated epithelium are also seen. Hematoxylin and 
eosin. < 250 


Figure 25.—Teratoma after 5 days in sponge matrix culture. Squamous epithelial 
cells form a prominent part of the outgrowth. In this field, an aggregate of cells 
in the new growth has formed a keratin pearl. Hematoxylin and eosin. X 250 


Ficure 26.—Teratoma after 5 days in culture. The over-all pattern of growth is one 
of attachment of the tissue to the sponge at some points, and suspension across 
sponge interstices. Hematoxylin and eosin. X 100 


Figure 27.—Teratoma after 5 days in culture. A detail of the outgrowth, showing 
interweaving of the tissue and the cellulose sponge. Spindle-shaped cells, and 
epithelial cells are prominent. A nest of epithelial cells is seen in the center of the 
field. Hematoxylin and eosin. X 250 
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The Influence of Various Culture Media 
on the Growth of Earle’s Strain L Cells 
and Chick-Heart Fibroblasts In Vitro’ 


Rewpa Caitieau and Paut L. Kirk, Department 
of Biochemistry, University of California, Berkeley, 
Calif. 


Recent reports by Evans et al. (1), and Sanford et al. (2) have described 
the effects of certain chemically defined media upon the proliferation of 
pure strain L cells, originally isolated from the subcutaneous connective 
tissue of the mouse (3, 4). Their experiments demonstrated that the 
maintenance media used: saline, White’s mixture 3 (5), or Morgan, 
Morton and Parker’s mixture 199 (6), caused a decrease in cell population, 
as well as abnormal cell morphology of strain L cells. Sanford et al. (2) 
found that embryo-extract ultrafiltrate and horse-serum residue, when 
added to mixture 199 provided an excellent growth medium for the 
strain L cells. 

In an attempt to simplify growth media and identify some of the 
essential components required by tissues grown in vitro, our studies have 
progressed along lines somewhat similar to those of the above workers. 
Various combinations of horse serum, embryo extract, ascitic fluid and 
salt solutions have been tested. The growth-promoting properties of 
ascitic fluid have been emphasized by the studies of Ulloa-Gregori et al. (7) 
and Pomerat et al. (8), who have shown that in the culture of epidermal 
cells from human skin, better growth was obtained in the presence of 
ascitic fluid of malignant origin, than in media containing cord serum, 
human serum or ascitic fluid of nonmalignant origin. 

Our experiments were designed to test by repeated subculture the 
growth-promoting qualities of ascitic (or pleural) fluids in general, and to 
attempt to reduce the number of undefined components present in an 
adequate growth medium for the strain L cells. Media found to provide 
normal and continuous growth of the strain L cells were subsequently 
tested on fresh 11%-day explants from chicken hearts, as this tissue has 
served as the basis of most of the previous tissue-culture research in 
this laboratory. 


1 Received for publication April 30, 1954. . 

2 Aided by grants from the U. S, Public Health Service, National Institutes of Health, and the Research Board 
of the University of California. 

3 This paper was presented in preliminary form at the annual meeting of the Tissue Culture Association in 
Galveston, Texas, April 6, 1954. 
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Materials and Methods 


The strain L cells were derived from a stock culture generously provided 
by Dr. Wilton Earle. The cells have been maintained in continuous sub- 
culture in our laboratory for over a year on a stock growth-promoting 
medium composed of 40 percent horse serum, 10 percent embryo extract 
(1:1 dilution) and 40 percent Earle’s or Tyrode’s solution. The cells were 
grown directly on glass, in Carrel flasks or Earle’s T-60 flasks. 

Experimental media were evaluated in relation to their ability to 
sustain continuous subcultures of the strain L cells for three or more 
generations. The inoculum used was approximately the same in all tests: 
the optimum amount was found to be about 200,000 strain L cells per 
D-3.5 Carrel flask. 

Cells from an actively growing stock-culture were washed with 0.25 
percent trypsin in Tyrode’s solution to provide the initial inoculum. 
Trypsin was used as it was found to be effective in removing the cells from 
the glass, in dissolving extraneous protein material and nonliving cells, 
and in facilitating the dispersion of the strain L cells for counting. The 
strain L cells remained in contact with the trypsin solution for a half hour 
at 37°C. The cell suspension was then pipetted into a 15-ml. centrifuge 
tube and centrifuged at low speed for about 5 minutes. Fine cellular 
debris or precipitate remained suspended while the L cells were packed 
at the bottom of the tube. The supernatant fluid was decanted and the 
cells resuspended in Tyrode’s solution, or the medium to be tested, and 
diluted to the desired concentration. 

Duplicate counts were made in a hemocytometer of the cells in the tryp- 
sin solution. The cells were suspended in an amount of trypsin solution 
equivalent to the original volume of the medium (1 ml. per Carrel flask), 
pipetted rapidly 10 to 20 times to break up any clumps, and then introduced 
into both chambers of a hemocytometer. When cell growth was heavy 
(1.5 & 10° to 2.5 10°) 80 small squares in each side of the hemocytometer 
were counted, as in routine red-blood-cell counts. When fewer cells were 
present, all 400 of the small squares (25 large squares) in each half of the 
hemocytometer were counted. No attempt was made to attain the accu- 
rate results exemplified by Sanford et al. (9) who used anuclear count. 
Our primary purpose was to study the growth-promoting qualities of 
various media over a long period of subcultures, and counts were made to 
provide an approximation of the initial and final number of strain L cells 
present. The figures listed in the following tables should be considered 
semiquantitative rather than absolute, and represent values which may 
vary as much as 20 percent. Preliminary tests with variable concentra- 
tions of cells had shown us that an initial inoculum of about 200,000 
strain L cells in 1 ml. of medium in a D-3.5 Carrel flask produced the most 
satisfactory rate of growth in our stock medium. Consequently a con- 
centration of approximately 2 < 10° cells was used in all experiments. 
Each medium was tested in duplicate flasks, 0.1 ml. of a suspension 
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containing about 200,000 strain L cells and 0.9 ml. of medium being added 
to each flask. 

Medium renewals were made 2 or 3 times a week depending upon the rate 
of growth. Where the strain L cells adhered firmly to the glass, it was 
found convenient to pour off the old medium before adding fresh. Tests 
on the discarded portion showed that only a very small percentage (con- 
siderably less than 5 percent) of viable cells was removed by this pro- 
cedure. In experiments containing ascitic fluids, the supernatant liquid 
was not removed from the flasks but fresh medium was introduced in 
-ml. amounts at each renewal interval. Several media were tested 
simultaneously and compared with a control stock medium in each experi- 
ment. The strain L cells were grown for a period ranging from 8 to 13 
days in all media except ascitic fluid. With ascitic-fluid media a somewhat 
shorter growth period (6 to 10 days) was used. 

At the end of the growth period the cells from the duplicate Carrel 
flasks were harvested and pooled. The supernatant fluids were transferred 
to a 15-ml. centrifuge tube, centrifuged at low speed to spin down any free 
cells, and decanted. One ml. of a 0.25 percent solution of trypsin was 
added to each flask and incubated at 37° C. for half an hour. The trypsin 
suspension of cells from the duplicate flasks was added to the centrifuge 
tube. Each flask was rinsed with an equal amount of Tyrode’s solution 
which was also added to the centrifuge tube. Counts were then made 
as described above. Where growth was scant, the strain L cells were 
resuspended in the test medium, rather than in Tyrode’s solution, to 
avoid undue dilution of the final concentration of the medium. 

Subcultures were carried on for at least three generations before a 
medium was considered ‘growth promoting” and all media considered 
adequate have been tested in continuous subculture for 6 generetions or 
more. Media that failed to provide growth during the second or third 
generations were retested at least three times, using fresh stock cultures 
of strain L cells for the inoculum. 

The test media used were: 1) 40% horse serum and 60% salt solution 
(Earle’s or Tyrode’s); 2) 40% horse serum, 40% Morgan, Morton and 
Parker’s mixture 199, 20% Tyrode’s solution; 3) 10% embryo extract 
(1:1), 90% Tyrode’s solution; 4) 10% embryo extract, 40% mixture 199, 
50% Tyrode’s solution; 5) 100% mixture 199; and 6) 40% ascitic (or 
pleural) fluid, 40% mixture 199, 20% Tyrode’s solution. Cultures were 
exposed to a mixture of 5% CO, in air when adjustment of the pH was 
required. 

Media 2 and 6 were also tested on explants of fresh chick-embryo heart 
in roller tubes. The hearts from 11-day embryos were quartered and 
each quarter divided into 4 pieces. These pieces were aligned in a roller 
tube and embedded in a clot formed with 0.2 ml. of dilute (1:5) chick 
plasma. Approximately 2 ml. of test medium were added to each tube, 
and this medium was renewed after 3 days. The radial outgrowth of the 
cells was estimated with an ocular micrometer, and the general condition 
of the cells and the density of growth noted. 
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Results 


In some of the media tested on the strain L cells substantially the same 
results described by Evans et al. (1) were obtained. Very peculiar and 
inadequate growth was noted with mixture 199 alone; the cells were 
large, often vacuolated and showed amoeboid or hydralike processes. No 
subcultures were obtained. Fairly heavy growth was apparent in media 
containing 10 percent EE, in Tyrode’s or Earle’s solution, with or without 
the addition of mixture 199. However, these cultures could not be 
subcultured for more than 3 generations. The cells were usually clumped 
or in a rosette formation. They exhibited long nervelike endings and a 
protein or granular precipitate usually appeared on the glass as the culture 
aged. 

In medium composed of 40 percent horse serum in Tyrode’s solution, 
growth of the"L strain was meager but persistent, and the cells were able 
to survive through 9 generations, when a change in the batch of horse 
serum caused the culture to degenerate and die out. The addition of 
40 percent mixture 199 to the 40 percent horse serum (medium 2), was 
sufficient to overcome the inadequacies of the normal horse serum and 
provide an excellent medium for the growth and maintenance of the 
L strain. 

The data in table 1 demonstrate the inadequacies of media containing 
10% embryo extract (1:1), with or without the addition of mixture 199. 
The markedly inferior growth of the L cells in 40% horse serum alone is 
illustrated in the table. The addition of 40% mixture 199 to 40% horse 
serum is shown to provide a completely adequate medium which has 
maintained our strain L cells for 9 generations or more in numerous 
experiments. The cell population produced is equal or superior to that 
obtained in the standard medium under identical conditions of growth. 

These resuits show that in adequate media the strain L cells: 

1) Increase approximately tenfold in about 10 days. 

2) That this rate of increase is maintained throughout 9 continuous 

subcultures, covering a period of'more than 90 days. 


TaBLe 1.—Growth of strain L cells on various media* 
































Growth (in millions/ml.) on various media 
Sub- Days ; : 40% Horse | 40% Horse 
culture grown | 10% | 10% EEw| 40% Horse serum serum 
|. EEs | 40% 199 | serum 40% 199 | 10% EEw 
| in saline | 50% saline} 60% saline 20% saline | 50% saline 
ee 11 0. 75 0. 70 0. 65 2.0 23% 
. oD ee? 0. 65 0. 25 2. 55 2. 25 
Rs Bact 0. 04 0. 12 2. § 1. 75 
ae | aaa See 0. 25 1. 5 1.5 
5.. | ae <n eee 0. 3 1. 75 1.5 
6.. aaa eae 0. 4 2.0 1.8 
Bes od SS Ses el 0.9 4.0 2.3 
a 7} SS See 0. 8 2.1 2. 2 
Rae 2 TERE: Cy 0. 2 3. 0 2.0 

















*Initial inoculam=approximately 200,000 cells at each subculture. 
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3) This increase which approximates 10° is so great that it establishes 
clearly the growth-promoting properties of the medium without 
requiring extremely accurate counting. 

Table 2 shows the results of experiments carried out for six generations 
with media containing 40% ascitic (or pleural) fluid of malignant or 
cirrhotic origin, 40% mixture 199, and 20% Tyrode’s solution. Optimum 
growth was approximately a sevenfold increase over the initial inoculum. 
Contrary to the results reported by Ulloa-Gregori et al. (7) some ascitic 
fluids of nonmalignant origin are capable of inducing growth comparable 
| to that obtained with malignant fluids. One peculiarity of certain ascitic- 

fluid media was noted. While strain L cells grown in standard horse 
serum, or embryo-extract media adhere firmly to the glass bottom of the 
Carrel flasks, this adhesive quality is greatly reduced in many ascitic- 
fluid media. Often the mere handling of the flask to observe growth 
under the microscope was sufficient to dislodge the cells from the glass. 
Perhaps because of this characteristic, most of the cultures grown in 
ascitic fluid showed changes in morphology. *gThe strain L cells were 
generally round or appeared as short stubby spindles and often floated 
freely in the medium as spheres or small clumps. 





TaBLE 2.— Multiplication of strain L cells on various ascitic (or pleural) fluids* 





Number of Cells (in millions/ml.) 














| Malignant Nonmalignant 
Sub- | Days | | Pl | 
. eee ie. eural | 
culture | grown | Prevod | aut tor fluid (meta-| Ascitic | Ascitic | Ascitic 
e e | as | Static car- fluid fluid fluid 
| er | “preast) = of |(cirrhosis) | (cirrhosis) | (cirrhosis) 
| | 
1 | 7 | 07 0.8 1.3 0.8 0. 9 1.0 
2 10 0. 8 1.3 1,2 0.9 1.0 1.2 
' 3 10 0. 6 es 1.5 0. 5 1.0 1.4 
4 6 0.5 | 08 | 1.0 0. 08 1.0 0. 8 
} 5 9 0.5 0.75 | 1.0 0.3 0. 4 0.8 
6 9 0. 45 | 13 | 16 0. 25 0.8 3 














*Initial inoculum=approximately 200,000 cells at each subculture. Media was composed of 40% ascitic (or 
pleural) fluid, 40% mixture 199, and 20% Tyrode’s solution. 

Parallel cultures of strain L cells grown in 40 percent ascitic fluid, 10 
percent EEs) and 50 percent Tyrode’s solution gave comparable growth 
rates and cellular appearance. No beneficial effect of embryo extract 
could be observed. 

Photographs of some of the cultures, presented in figures 1 to 6, illustrate 
most of the growth patterns and cell morphology observed. 

} In some of the stock cultures maintained in T-60 flasks on ascitic-fluid 
medium for a period of 6 months or more, the medium was renewed 
frequently by removing approximately half of the suspension of cells and 
replacing with an equal volume of fresh medium twice a week. Under 
these conditions the cell population remained fairly constant, at a level of 
about 500,000 cells per ml. at each change of medium. 
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These results demonstrate that strain L cells do not require embryo 
extract as a component of the medium if mixture 199 is used as a supple- 
ment to either horse serum or ascitic fluid. 

Experiments with these media have been carried out with roller-tube 
cultures of 11% day chick-embryo-heart tissue in plasma clots. Despite 
the enrichment of the medium by the plasma in the clot, and the retention 
of a large amount of embryonic-tissue juice in the original explant, the 
chick heart did not proliferate to any appreciable extent in the absence of 
embryo extract. Embryo extract, or some fraction of embryo extract, 
such as the nucleoprotein fraction partially purified by Kutsky (10) seems 
essential for the growth of chick tissue in these media. 


Discussion 


The experiments described above indicate that strain L cells tend to 
exhibit characteristic morphological or physical changes, depending upon 
the medium in which they are grown. The use of embryo extract alone, 
in the absence of horse serum or ascitic fluid, causes the cells to clump and 
form a rosette type of growth with long spindle cells at the periphery. 
These cells adhere firmly to the glass and cannot be washed off with the 
usual trypsin solution effective on cells grown in standard horse serum or 
ascitic-fluid media. Certain ascitic fluids, on the other hand, definitely 
affect the property of the cells to adhere to glass, so that after 3 or 4 days 
of growth practically all of the cells slip off the glass at the slightest move- 
ment of the flask. Multiplication of the cells is not affected by this 
changed physical property, as shown by continuous subcultures in these 
media. Transfer of such washed cells back to standard or horse-serum 
media causes the cells to resume their former shape and adhesive property. 

Media which provide all the necessary growth factors for the strain L 
cells, but do not contain embryo extract, are incapable of inducing more 
than a minimal outgrowth when used for the culture of explants of chick- 
embryo heart in a plasma clot. Whether the long continued cultivation 
in vitro of the strain L cells of mouse fibroblast has produced certain adap- 
tive changes, or the cells which grew out from a single cell (4) have simpler 
nutritional requirements has not at present been determined. It is 
possible that the strain L cells may have a less exigent nutrient require- 
ment than the chick-heart tissue, or that some species specificity may 
explain the differential response of the two types of tissue to embryo 
extract. 

Summary and Conclusion 


The relative growth-promoting properties of various media were tested 
on the strain L cells of mouse fibroblasts. An initial inoculum of approxi- 
mately 200,000 cells in a total of one ml. of medium was used for each 
D-3.5 Carrel flask. Subcultures were made after a suitable interval 
again using 200,000 cells as the inoculum. Successful subcultures were 
carried out for 6 or more generations. 

Little or no growth of the strain L cells occurred in Morgan, Morton and 
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Parker’s mixture 199 alone, or in the presence of 10 percent embryo extract 
(1:1). Slight but persistent growth was observed for 9 generations in 
40 percent horse serum in Tyrode’s or Earle’s saline. Excellent growth, 
comparable to that obtained in standard medium was observed when 40 
percent horse serum was supplemented with 40 percent mixture 199. 
Ascitic (or pleural) fluids of malignant or nonmalignant origin could be 
used as a substitute for the horse serum in the above media. No embryo 
extract was needed. 

Parallel experiments with roller-tube cultures of fresh chick-embryo 
heart tissue demonstrated that no appreciable growth could be obtained in 
these media in the absence of embryo extract or some fraction thereof. 
Media containing no embryo extract were completely adequate for the 
strain L cells, and highly inadequate for chick-heart tissue. 

In the presence of certain ascitic fluids changes in the appearance of the 
strain L cells were noted. They appeared as short spindles or as spheres 
floating in the medium. Growth was not affected and continuous sub- 
cultures were routinely obtained. Reversion of the cells to their normal 
appearance took place when the cells were subsequently grown on stand- 
ard or horse-serum media. 

The use of continuous subcultures as a criterion of the nutritional 
adequacy of a medium has been clearly demonstrated. Certain deficient 
media (e. g. 10% EE» in saline or mixture 199) can provoke a significant 
numerical increase in cell population during the first generation but prove 
unsuitable to support continuous growth when tested in subsequent 
subcultures. 
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PLATE 28 


Figure 1.—Culture of strain L cells on malignant pleural fluid, plus mixture 199, 
after several generations. Note the spherical appearance of the cells as they float 
in the medium. X 145 


Figure 2.—Culture of same strain on nonmalignant ascitic fluid, third generation. f 
The cells adhere partially to the glass, but appear rather small, round or spindle 
shaped. X 145 


Figure 3.—Culture in 40 percent horse serum, 60 percent Tyrode’s solution, second 
generation. Cells are large and pale. Some amoeboid forms are present. X 145 


Figure 4.—Culture in 40 percent horse serum, 60 percent Tyrode’s solution, ninth 
generation. Cells are granular and some are vacuolated and appear degenerated. 
Further subculture was not possible due to the particular sample of horse serum 
used. X 145 


Figure 5.—Culture in 10 percent embryo extract (1:1), 40 percent mixture 199, and 
50 percent Tyrode’s solution, first generation. Cells grow in clusters, with spindle- } 
shaped cells at the periphery. Granular precipitate appears in the medium during 
growth. X 145 


Ficure 6.—Culture in 40 percent horse serum, 40 percent mixture 199, and 20 per- 
cent Tyrode’s solution, seventh generation. Growth is abundant and the cells are 
normal in appearance, being clear, and triangular or spindle shaped. XX 145 


All photomicrographs were taken by Mr. Victor Duran. 
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The Relative Precision of Dose-Response 
Data in the Virus and Tumor Fields as 
Compared with That in Certain Other 
Fields of Biology ' 


W. Ray Bryan, National Cancer Institute,’ 
Bethesda, Md. 


In an analysis* of results compiled during a survey of quantitative 
dose-response data in the virus and tumor fields, two graphic devices were 
prepared for facilitating the comparison of results in these fields with those 
in certain other areas of biology, for which similar data had been previ- 
ously collected (1-4). Since they may be of interest or of practical value 
to experimental biologists in general, they are presented herewith (text- 
figs. 2 and 3); an additional chart (text-fig. 1) and table (table 1) illustrate 
their significance and practical use, respectively. All concern the pre- 
cision index, \, originally proposed by Gaddum (/) and now widely 
applied in the field of biological standardization for the comparison of 
different bioassay methods. Although its more general use has been 
suggested (2, 3), including its applicability to data obtained with viruses 
and tumor-producing agents, its significance and value for biological 
experimentation with agents of the latter types have not yet been fully 
recognized.‘ 

The derivation and significance of \ are best illustrated graphically as 
in text-figure 1, which shows its relationship to the standard deviation 
(c) of individual observed biological responses, and to the slope (6) of the 
log dose-response curve. In general, it is represented algebraically by 


j=z [1] 


where the notations have the significance indicated above. When the 
response is of the quantal type (e.g. percentage of individuals showing an 
all-or-none reaction) and the observed results give a reasonably good fit 
to a normal curve, the population value of ¢ in probability units (e.g. 
probits, or normal equivalent deviations) for individual ‘‘susceptibilities,” 


1 Received for publication May 26, 1954. 

2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 

3 In progress. 

4 The bioassay methods and principles, used or reiterated herein, are among those fully described in a number 
of reviews and standard texts on the subject—cf. references (1-12). They are of value not only for biological stand- 
ardization (e.g. of drugs, hormones, vitamins, etc.), for which purpose they were originally devised, but also as 
“basic research tools” for investigating the reactions of organisms, or of units of living matter in general, to bio- 
logically active agents (see above references). 
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or “tolerances,’’ has a theoretical value of unity, and the index represents 
the reciprocal of the slope of the log dose-response curve, 7.¢., 
1 
\=F [2]. 
However, if the quantal responses are scattered about a normal curve 
with a greater degree of variation than would be expected, but do not 
depart systematically from it (i.¢. if they are “heterogeneous’’), the index 


is given by ee 
1 x’ : 
ioe =... 3 
ay V K-23 3] 
where x? is chi square for the distribution of observed points about the 
probit-log dose curve, K is the number of dose-groups (i.e. K—2=number 


of degrees of freedom for x”), and the other symbols have the same mean- 
ing as above. 














SCALE OF BIOLOGICAL RESPONSE 
OR METAMETER (y) 





LOGARITHMIC DOSE SCALE (x) 


TEXT-FIGURE 1.—Graphic representation of the precision index, \, in its relation to 
the standard deviation (¢) of individual observed biological responses (y) about 
the mean response (y), and to the slope (6) of the log dose-response curve. 


Because of the simplicity of parallel-line assays made possible by the 
consideration of dose in logarithmic units, it is the practice, where neces- 
sary, to convert observed biological responses to units which can be plotted 
as a straight line against the logarithm of dose. A suitable transforma- 
tion (‘response metameter’’) for this purpose can usually be found in the 
instance of most types of biologically active agents; that is, one which 
will give a fairly close approximation to a straight line over a sufficiently 
wide log-dose range to be of practical value for bioassay purposes. 
The precision index, \, was devised for, and is applicable to, dose-response 
data only of this form. Accordingly, it has been defined by Bliss and 
Cattell (3) as “the standard deviation of the log-dose inferred from 
the straight line relating the response to the log dose.’’ Thus, it repre- 
sents the variation of individual biological test-units in terms of the log- 
potency equivalents inferred from them. 
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Since \ is a standard deviation value, it may be used as such in much 
the same way as any other standard deviation: 1) to express degree of 
variability, and 2) as a basis for estimating the numbers (N) of unit 
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ry 
} TEXT-FIGURE 2.—Observed range of the precision index, \, for various types of bio- 


logically active agents. 

Comments (referring to superior numbers on chart): 

! Tabled limits (3) for 8 determinations under different conditions on an Inter- 
national Standard preparation. 

2 Tabled value (3) for a single estimate involving a standardized preparation. 

3’ Tabled value (3) representing an average of 19 sets of data collected under 
standard conditions. 

‘ Limits determined from tabled values (1-3) for toxins of 3 different bacterial 
types. 

5 Limits determined from 2 tabled values (1, 2). 

6 Solid bar: Estimated limits for determinations based upon the counting of 
1,000 and 100 plaques, respectively (see text). 
Hatched square: Theoretical value for quantal responses under ideal conditions 
(see text). 

7 Average of 7 consecutive sets of data collected under similar conditions (data 
of reference 14). 

From approximately 40 to 60 tabled values of \ were available (1-4) for determining 
range in the case of vitamins, drugs, and hormones. The ranges for the remaining 
general types of agents, not otherwise specified, were based upon from 10 to 30 separate 
estimates of 4, many of which were averages of replicate determinations on the same 
specific agent under the same conditions. 
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observations which would be required to yield final results (such as means, 
differences=logarithms of potency ratios, etc.) having a desired degree 
of accuracy. The graphs of text-figures 2 and 3 involve its uses for these 
purposes, respectively. 

Text-figure 2 shows the range of \ for the various types of biologically 
active agents included in the present survey. The bars of the graph 
embrace the minimal and maximal values reported in the literature or 
computed from suitably detailed data. The limiting (or single) values 
of \ for tetanus antitoxin, hormones, vitamins, drugs, thrombin, X ray, 
bacterial toxins, and pneumococcus antibody were determined from 
tables of collected values published by Gaddum (/, 2), Bliss and Cattell 
(3) and Bliss and Gyérgy (4). 

The limiting values of \ for the remaining materials, with the exception 
of bacterial viruses, were obtained from tables prepared during the course 
of this study. Neither values of \ nor detailed data suitable for their 
direct calculation were found in the case of bacterial virus measurement 
by means of modern enumerative [plaque count (1/5)] procedures. How- 
ever, since it was desired to include the bacterial viruses in this survey, 
estimates of \ considered sufficiently accurate for the purpose were derived 
from information on slope of the curve relating log number of plaques 
and log-dose (15), together with statements of percentage error (16) and 
law governing error (15). The left bar, opposite ‘Bacterial Viruses,”’ 
in text-figure 2 (B), represents the range so determined for routine esti- 
mates involving the usual numbers (100 to 1,000) of plaques counted per 
determination ? (18). 

The types of materials listed along the left border of text-figure 2 are 
arranged in order of the lowest observed value of \. The exact order has 
no definite significance for materials whose lowest values are very nearly 
the same, because additional data might readily bring about rearrange- 
ments in their relative positions. Also, it is possible that basic improve- 
ments in methods or in available biological test-systems may shift some 
of the more variable materials (i.e. those having higher values of \) to 
higher positions in the serial order (7.e. to lower values of 4). 

The small hatched square to the right in the first row of text-figure 2 
(B) represents the theoretical value,’ A=0.5, to be expected under ideal 
conditions for bacterial virus measurements involving a quantal response 


5 A single average value (A=0.26) tabled by Bliss and Cattell ($), applies to the effect of X rays on the mortality 
of Drosophila eggs [data of Bliss and Packard—ef. (3)]. This same value is also characteristic for the induction of 
lymphoid tumors in mice by graded single doses of X radiation as reported by Kaplan and Brown (13); however, 
fractionation of total X-ray dose into various numbers of increments and time intervals between increments, 
resulted in A values ranging from 0.15 to 0.49. No attempt was made to include a primary review of responses to 
irradiation in the present survey. 

® At the time of the present writing the tables include approximately 100 entries and over 50 references to data 
in the literature. Replicate determinations under the same conditions were averaged and considered as single 
estimates of \. The author is indebted to Mr. Carl L. White for assistance with the computations and analyses 
of data. 

? The unit observation is in this instance a single ‘‘count’’ and \ therefore represents the variation among repli- 
cate unit determinations, or “counts,” on the same sample of agent material. Accordingly, the number (N) of 
unit observations represents the number of such determinations or ‘‘counts.”’ 

§ The theoretical value, 0.5, represents the reciprocal of the slope (in probits, or normal equivalent deviations) 
of the normal curve which most closely approximates the Poisson curve for the distribution of one or more par- 
ticles in unit volumes of a liquid. (See Lauffer and Price (17), and Hershey and Bronfenbrenner (18) for prece- 
dent in the use of this approximation; also, see Clark (19) for a theoretical discussion of the distribution of bacterio- 
phage (bacterial virus) particles in a suspension.) 
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and the serial dilution method; e.g., the percentage of unit suspensions of 
susceptible bacteria lysed by inoculums of increasing dilutions of bacterial 
virus. Because of their relatively lower precision, however, and because 
other methods are now available (see above), procedures involving a 
quantal response are no longer applied to the measurement of bacterial 
viruses. On the other hand, there are some situations in the plant- and 
animal-virus fields for which biological responses other than the quantal 
type are not at present available. Where a single elementary particle of 
virus is capable of inducing a detectable response, therefore, the lower 
limiting value of \, to be expected on an average, will also be 0.5 in these 
instances. (For related discussions see references 16, 17, 20-23.) 

Although \ has an exact statistical meaning among tests on similar 
samples of the same specific material carried out under standardized 
technical conditions, the values of \ are not exactly comparable among 
tests involving different types of materials or different technical conditions. 
Nevertheless, \ [or its reciprocal, L, (2)] is more useful for intercomparisons 
under such differing conditions than any other summarizing index that has 
yet been devised. Since the contributing data of text-figure 2, both 
within and between general types of materials, involve a) differences in 
specific materials, 6) differences in technical conditions, including biologi- 
cal test-systems, and c) various specific responses of both the graded and 
quantal types, interpretations of the graph must take these factors into 
consideration and be kept within general terms. 

The results of this survey indicate clearly that: 1) More precise dose- 
response data can be obtained with some types of agents and associated 
biological test-systems than with others; and 2), the over-all range of \ 
met with in actual practice in the fields of experimental biology here 
represented extends over more than 2 tenfold intervals, and involves 
individual quantities of three different orders of magnitude (e.g. 0.03, 
0.3, and 3.0). It is of further interest that the viruses are distributed over 
this entire range, the lowest values of \ being found for the bacterial 
viruses and the highest for the neoplastic viruses. 

Text-figure 3 represents a nomogram for determining the relationship 
between the total number (N) of biological units (or of replicate deter- 
minations in the case of enumeration response data—see footnote 7) 
employed in an assay, the standard error (S.E..y) of the log-potency-ratio 
determination (M), and \. The standard error of the log potency ratio 
is given in log units along scale A at the top of the figure. Scales B and C 
show the equivalents in terms of “error factors” (antilogs of S.E..,) and 
“percentage errors’’ (corresponding to +1 S.E.. unit), respectively. The 
simplified relationships represent those presented algebraically, by both 
Bliss (7) and Gaddum (2) for the rough estimation of minimal values, 
only, of either S.E.,, or N when the other, in addition to \, is known or is 
assumed; 7.¢., 


2X 
or, 
" 4)? 
N=(S Ex (5). 
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TEXT-FIGURE 3.—Nomogram relating the precision index (A), the number (JN) of 
biological units (or unit determinations) and the standard error (S.E.y) of a 
log-potency-ratio estimate (M). The simplified relationship is that (2, 7) for the 
rough estimation of minimal values, only, of either N or S.E.y% when the other, in 
addition to A, is known or is assumed (see text). 


The use of this nomogram is illustrated for a particular system having 
a d value of 0.7, which is not only near the mid-values observed for car- 
cinogenic hydrocarbons and non-neoplastic animal viruses, but is also 
representative of both the least variable neoplastic virus-host systems and 
of the most variable systems involving drugs, vitamins, and hormones. 
For estimating N, 0.7 is located on the \ scale, at a, and a perpendicular 
line is followed until it intersects, at 6, the diagonal line corresponding to a 
predetermined value (S.E.y=+0.3) which is desired for the standard 
error of the assay; a horizontal line extended from this point to its inter- 
section with the N axis, at c, gives the total number of biological units 
(assuming a “‘weight”’ of unity for each) to be divided equally among the 
2 materials under comparison (e.g. “‘standard’’ and ‘unknown,’ or ‘“‘con- 
trol” and “test’’ preparations). Reading to the nearest even whole num- 
ber, N is seen in this case to be 22, or 11 per material. When the response is 
of the quantal type the ‘“‘weight’”’ of individual responses varies at different 
levels of response, and the average “weight” of a single response within 
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the significant dosage range is only about 0.5, or one half that for most 
graded responses. The number (N) of biological units estimated from 
text-figure 3 will therefore have to be doubled (or N regarded as the num- 
ber per material and not the total number for the 2 materials) when the 
responses are of the quantal type. A similar adjustment of N, according 
to the average “weight’’ of individual responses will also have to be made 
in the instance of some graded responses, the standard deviations (c) of 
which show an appreciable systematic variation with the logarithm of 
dose [e.g. latent period responses of mice to carcinogenic hydrocarbons 
(24)]. 

In many instances the total numbers of laboratory animals (or other 
units) available for test purposes may be limited, and, for practical reasons 
only certain numbers can be devoted to individual bioassays. In this 
case, it may be desired to estimate the maximal degree of accuracy (mini- 
mal value of S.E.4) which can be expected for this particular number of 
test-units. Again using N=22 and \=0.7 for the purpose of illustration, 
one locates the diagonal line of text-figure 3 which is closest to the point of 
intersection (6) of the horizontal line (cb) for number (N), and the per- 
pendicular line (ab) for \; the minimal expected value for S.E.y or its 
equivalent is then read from the corresponding point on the appropriate 
diagonal scale (A, B, or C). 

Further use may be made of text-figures 2 and 3 to determine, roughly, 
just what limits of accuracy can be obtained under practical conditions 
for agent-biological indicator-systems associated with various values of X, 
as well as whether certain types of investigations which require a high 
degree of accuracy can be undertaken at all, with a particular system 
under consideration. Table 1 illustrates these uses for various representa- 
tive values of both X and S.E.y. The “Zones of Relative Accuracy” 
(A-D) of table 1 are purely arbitrary, but they show the ranges of error 
most generally employed, or which might be employed, for the following 
conditions and purposes: A—Single quantitative determinations of indi- 
vidual interpretative significance, e.g. biological standardization; correla- 
tion of the biological properties of an agent with its physical and chemical 
properties; fine differentiation among fractions separated in purification 
studies, etc. B—(1) Same as for A, but involving more variable agent- 
biological indicator-systems (i.e. larger value of \ such as those met with 
in studies on some animal viruses, and carcinogenic hydrocarbons) for 
which error limits of zone A would be impractical for routine determina- 
tions; (2) Individual estimates of a small group of related bioassay 
determinations which contribute to a common mean, or reaction curve, 
of higher composite accuracy. C—(1) Same as B(2), but belonging to 
a larger group of related determinations, or involving more variable 
systems (larger values of \) for which the limits of zone B would beimprac- 
tical for routine purposes; (2) Individual assays for determining gross 
differences up to 1 order of magnitude—widely applied in clinical type 
investigations such as comparisons of relative virulence among related 
virus strains (e.g. newly isolated strains with established strains) ; selections 
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of the most favorable tissues and host species for the propagation or 
testing of viruses, ete. D—Of semiquantitative value, only, such as for 
(1) the broad characterization of virus strains as “highly virulent,” 
“moderately virulent,” or “weak,” in relation to each other; or (2) pre- 
liminary investigations on substances which destroy viruses, or inactivate 
strong suspensions of them to an extremely high degree (e.g. reduce the 
“titer” by 2 or more powers of 10), as in the screening of the in vitro 
actions of neutralizing antisera, or of potential chemotherapeutic agents. 

Finally, in investigations involving the neoplastic and latent viruses, 
as well as the carcinogenic hydrocarbons and the tumor-inducing effects 
of X radiation [ef. (13)], another factor may be of even greater significance 
than either \ or N, per se, in determining the practicable limits of error 
which can be achieved; namely, the time required for a single basic quanti- 
tative test, or “bioassay” (i.e. the length of time each individual animal, 
or other biological unit, must be kept under observation in order for it to 
have a maximal opportunity to show the characteristic response). Thus, 
for these agents and associated biological test-systems, the maximal 
observation period may vary over intervals of from a few weeks, as in the 
case of the most rapidly acting tumor viruses [e.g. Rous sarcoma (25), 
Shope papilloma (26), and fowl leukosis (27)], to many months, as in the 
case of carcinogenic hydrocarbons (24, 28), the Bittner mammary tumor 
virus (29) and the X-ray induction of tumors (1/3). A more suitable crite- 
rion than N for evaluating or comparing the relative requirements for ade- 
quate quantitative biological experimentation would therefore be, in these 
instances, the product of N and some appropriate index of time (7); that 
is, an index in N X T=NT units, such as “biological unit-weeks,” or, 
specifically, ‘“‘chicken-weeks,” ‘“mouse-weeks,” etc. Since time-to-re- 
sponse (i.e. latent period, or induction time) is inversely correlated with 
dose of virus, tumor agent, or X radiation (13, 24-29), an index of time 
would be required which would represent the average maximal observa- 
tion period for a given agent-biological indicator-system. Such an index 
is the “specific induction time’’ (28), which represents the average time- 
to-response among individuals which show a reaction (e.g. development 
of a tumor) to the ‘‘average minimal effective dose,’”? ED50. 


In conclusion, it is re-emphasized that the relationships of text-figures 
2 and 3 represent rough approximations, for orientation purposes, only. 
Nevertheless, in areas of experimental biology as complex and as difficult 
to approach quantitatively as are the reactions of living matter to carcino- 
genic agents and to some animal and plant viruses, even such “first ap- 
proximations”’ as these may be of considerable practical value. 
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Stable Standard Preparations of the 
Rous Sarcoma Virus Preserved by Freez- 
ing and Storage at Low Temperatures' 


W. Ray Bryan, Joun B. Mouoney, and Dorotuy 
Caunan,? National Cancer Institute,’ Bethesda, Md. 


The importance to virus research of stable virus preparations for quan- 
titative potency reference is generally recognized. Of recognized value 
also is the availability of quantitatively comparable aliquots of common 
lots of virus suspension for use in experiments to be carried out at different 
times and in different laboratories. 

The most satisfactory method for the preservation of highly labile 
viruses has proved thus far to be that of freezing and storage at low 
temperatures, particularly those (—50° to —76° C.) which are readily 
maintained by means of a CO, ice chest [e.g. (/, 2)]. Although virus 
source materials, such as diseased tissues and crude homogenates or 
extracts of them, have long been preserved by this method with little or 
no loss in biological activity, attempts to preserve more highly purified 
virus suspensions by freezing, have, in the absence of soluble protein or 
some other “protective colloid,’ resulted in the loss of much of the 
biological activity. This is particularly true of partially purified prepa- 
rations of the highly labile Rous sarcoma virus, when frozen and thawed 
in suspension in solutions of inorganic salts (unpublished results). These 
findings are comparable with those reported for the inactivation of bac- 
teria (3) and living tumor cells (4, 5) by freezing and thawing in solutions 
of inorganic salts. In discussions of the factors which might account for 
the inactivation of living cells on freezing and thawing in such artificial 
fluid environments, both Haines (3) and Craigie (4) list the following 
factors as being of probable primary importance: a) The mechanical 
effects of ice formation; and 6) the “chemical” or ‘‘desiccating”’ effect of 
strong concentrations of inorganic salts induced between the initial 
freezing points of the materials and the freezing temperatures of their 
eutectic solutions. 

The first of these factors can be overcome to a large extent simply by 
very rapid freezing. In order to minimize the effects of the second factor 
(which might be expected to be of greatest importance during thawing), 

! Received for publication June 14, 1954. 


2 With the assistance of Carl L. White and John P. Kvedar. 
3 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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advantage was taken of the fact that the Rous sarcoma virus is known to 
withstand very high concentrations of citrate salts (i.e. 97 percent satu- 
rated) without appreciable loss in biological activity during 3 hours at 
6° to 8° C. (6). Citrate solutions were accordingly used as suspending 
media for the partially purified preparations of virus to be frozen. At 
the much lower temperatures (approaching —76° C.) at which the mate- 
rials were to be frozen, the “‘chemical’”’ and “desiccating” effects of the 
citrate salts could, therefore, be expected to be negligible even if the 
concentration of the salt should approach complete saturation during 
the freezing and/or thawing processes. Preliminary quantitative observa- 
tions in which frozen preparations of the Rous sarcoma virus were thawed 
(at room temperature) and tested, 24 hours after freezing, showed that 
this was indeed the case and that no significant decrease in potency 
occurred as a result of freezing and thawing. Additional preliminary 
studies indicated also that there was no significant difference between the 
potencies of samples frozen and thawed in 1.0-ml. volume and in 0.15-ml. 
volume. 

The present studies were undertaken to determine: 1) the length of time 
citrate suspensions of partially purified Rous sarcoma virus could be 
stored in a CO, ice chest without significant loss in tumor-producing 
potency; and 2) whether the relative potencies of separately frozen 
samples of a common lot would be the same within limits of error of 
bioassay methods, or whether significant variations among samples would 
be introduced as a result of the freezing and thawing processes. The 
experimental procedures and results are described herein. 


Materials and Methods 


Preparation of standard virus suspensions.—Four different standard lots 
of virus, involving from 150 to 1,000 separately frozen samples per lot, 
were studied over periods ranging from 9 months to nearly 2 years. Since 
samples from three of the standard lots have been supplied under their 
local laboratory serial numbers to investigators in other laboratories, they 
are identified in like manner herein. The methods of preparation were as 
follows: 

CT 501, 2-7-52.—This first standard preparation was a “‘microsome 
fraction” derived from a NaCl extract of tumor tissue (from frozen 
stock) by 1 complete cycle of differential centrifugation. The method 
was essentially the same as that previously described (7) except that a 
Servall ultracentrifuge * was used, and that the pellets sedimented 
during the long high-speed run were resuspended in 0.05 M citrate buffer, 
of pH 6.7. After clarification by a final short centrifuge run (7) the 
“microsome fraction” was parceled and frozen, on February 7, 1952, 
according to the methods descri‘ed in the following section. The con- 
centration of the virus suspension with respect to the amount of tumor 
tissue originally extracted was 2 gram equivalents per ml.’ and the total 
nitrogen concentration was 0.10 mgm. per ml. 


4 Model 88-2, manufactured by Ivan Sorvall, Inc., New York, N. Y. 
5 Two grams of tumor tissue were processed to yield 1 ml. of the final virus suspension. 
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CT 522, 5-28-52.—Four different batches of tumor tissue from frozen 
stock were processed over a period of 8 days and the final virus suspen- 
sions were pooled, parceled and frozen, on May 28, 1952, in the manner 
described in the following section. The method of preparation of each 
batch was as follows: 70 grams of tumor tissue were suspended in 630 
ml. of 0.025 M potassium citrate solution containing hyaluronidase ® 
in a concentration of 1 mgm. per 100 ml. (0.001%). The suspension 
was incubated for 1 hour at 37° C. and then placed in an ordinary 
refrigerator where it was allowed to stand overnight. On the following 
morning it was stirred vigorously for 1 hour at room temperature (by 
means of an electric stirring device) and the tissue debris was removed 
by ordinary centrifugation (30 minutes at 2,300 X g) in a refrigerated 
centrifuge. The extract was ultracentrifuged ’ at 31,000 X g for 2 hours, 
and the pellets of material sedimented thereby were resuspended and 
adjusted to original volume with 0.0125 M potassium citrate solution. 
The suspension was clarified by ordinary centrifugation as before and 
filtered successively through 3 Selas filter candles, Nos. XF, XFF, and 
10. After the third filtration the suspension was again sedimented in 
an ultracentrifuge ’ (1 hour at 82,000  g) and the pellets were taken up 
in 4; the original volume of 0.1 M potassium citrate solution. The con- 
centrated suspensions from the different batches were pooled and given 
a final clarification run in an ultracentrifuge ’ (15 minutes at 5,000 X g) 
just before being parceled and frozen, as described in the following 
section. 

The concentration of this standard suspension was 2.5 gram equiva- 
lents per ml. with respect to tumor tissue. The total nitrogen concen- 
tration was 0.051 mgm. per ml. 

CT 559, 2-11-53.—Two 70-gram batches of tumor tissue from frozen 
stock were processed over a period of 3 days according to procedures 
described by Moloney (8) under the designation T-2. The method 
involved extraction of tumor tissue with 0.15 M (approximately isotonic) 
potassium citrate solution containing 0.001 percent hyaluronidase,*® and 
the separation of a ‘“‘microsome fraction” by two complete cycles of 
differential centrifugation, using 0.15 \/ potassium citrate solution for 
resuspending the ultracentrifuge pellets. The final pellet suspensions 
of the separate lots, in 0.15 M potassium citrate solution, were pooled 
and given a clarification run in an ultracentrifuge (10,000 X g for 
10 minutes) just prior to being parceled and frozen, on February 11, 
1953, as described in the following section. 

The concentration of virus with respect to tumor tissue was 1 gram 
equivalent per ml. and the total nitrogen concentration of the standard 
virus suspension was 0.25 mgm. per ml. 

CT 581, 8-27-53.—The method of preparation was exactly the same 
as that described for CT 559, above, except that three 70-gram batches 


6 Hyaluronidase, Bovine Testis, Worthington Biochemical Sales Co., Freehold, N. J. 


7 Spinco ultracentrifuge, Model L, Specialized Instruments Corp., Belmont, Calif. 
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of tumor tissue were processed over a period of 4 days. The samples 

were frozen on August 27, 1953, by the method described below. 

The concentration of virus was 1 gram equivalent per ml. and the 

total nitrogen concentration was 0.19 mgm. per ml. 

Freezing and storage of virus samples—The method of freezing and 
storage was the same for all virus preparations reported herein. Because 
of the relatively high potencies of the materials, and in order to conserve 
space in the CO, ice chest, the samples were kept in small volume, 0.15 
ml., and were sealed in small glass tubes (60 X 6 mm., prior to sealing). 
The sequence of procedures was as follows: The 0.15-ml. volumes of virus 
suspension were parceled into separate tubes by means of an automatic 
pipetting device.* The tubes were attached in batches to outlets on a 
manifold connected with a house vacuum line (20 to 22 inches of mer- 
cury) for the purpose of removing most of the dissolved gases. After 
3 minutes of evacuation each tube was sealed in an oxygen-gas flame 
while the contents were still under reduced pressure. The sealed tubes 
were then inserted into holes of slightly larger diameter which had been 
drilled into a block of CO, ice. After the virus suspensions were solidly 
frozen the tubes were collected and transferred to labeled boxes in a 
CO, ice chest where they were stored until used. 

Thawing and dilution of frozen samples.—Since the strong virus mate- 
rials had to be diluted at least 100- to 1,000-fold in order to avoid a 
maximal biological response (minimal latent period) the following con- 
venient method of thawing and diluting was used under conditions which 
did not require rigid sterility (i.e. in ordinary routine bioassays): Just 
before a standard frozen sample was to be diluted for inoculation into 
chickens, the tube containing it was removed from the COQ, ice chest, 
quickly scratched with a glass cutting device and passed through solu- 
tions of alcohol and ether. It was then quickly dried between folds of 
a small pad of sterile gauze, broken, and the lower portion of the tube 
containing the still frozen sample dropped into a larger vial (usually of 
20-ml. capacity) into which the desired amount of diluent (e.g. 14.85 ml. 
for diluting oo) had been previously measured. As the virus rapidly 
thawed, it was mixed with the diluent by means of a capillary tipped 
pipette inserted into the small inner tube. 

Biological tests—In all instances the criterion of biological activity 
was the reciprocal of the latent period (x 100) which has been previ- 
ously described (9, 10). In contrast to the earlier procedures, only one 
or two sites (either one or both of the two wing areas) were inoculated 
on a given chicken. The inoculums were of constant volume, 0.2 ml., 
and were delivered into the subcutaneous tissues on the ventral surface 
of the forewing at the point where the ventral and dorsal skin layers 
become closely approximated to form the wing web. The time of 
appearance of a tumor (i.e. the latent period, or LP) was recorded for 
each inoculation site and the reciprocal of the latent period, in days, 
was multiplied by 100 to give the desired response metameter (i.e. 





§ Cornwall Pipetting Unit No. 1251, manufactured by Becton, Dickinson and Company, Rutherford, N. J. 
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y=100/LP). The significant details peculiar to the different studies 
were as follows: 

1) Studies on the stability of frozen virus with time——For this pur- 
pose it was necessary to estimate the mean chicken response at suc- 
cessive times and all individuals, including completely refractory 
chickens, were included in the group responses. Negative chickens 
living throughout the observation period (35 days from the time of 
inoculation) were considered as having infinitely long latent periods 

and their reciprocal responses were scored as zero. Occasional chick- 
ens which died without tumors before the 28th day were discarded 
from the results. 


The data pertaining to stability with time were collected during the 
course of routine bioassays in which a particular frozen standard in 
constant dilution was inoculated into one wing site, and an “unknown” 
was inoculated into the similar site on the opposite side of the same 
chicken. The responses to the “unknowns” were disregarded for the 
present purpose and only the responses to the standard were considered. 
The standard appeared an equal number of times on right and left wings 
of chickens within all test groups. The constant dilution used for 
following the level of chicken response to a given frozen standard was 
chosen so that it would fall in the relative dosage range within which the 
latent period was highly correlated with dose and within which most of 
the chickens (all but the unusually refractory individuals) were ex- 
pected to develop tumors. Each routine bioassay in which it was 
desired to obtain this collateral information on stability with time was 
designed so that a fairly large number of chickens (120 or more except 
in a few instances) would receive the desired dilution of the same frozen 
material on a given day. The results for all chickens inoculated on 
the same day were averaged to obtain the mean chicken response 





(3 = mean rp) to the standard virus material on that day. 


The solution originally employed in diluting the virus for chicken 

inoculations was 0.05 M citrate buffer of pH 6.7 (6). This same 
diluent was therefore kept as a constant in subsequent tests de- 
signed to yield information on stability with time. 
; 2) Studies on the variation among samples of a common lot.—The 
biological studies for this purpose involved the simultaneous testing of 
from 5 to 10 separate samples of the same frozen lot on a given day. 
In the earlier experiments, involving standard materials CT 501 and CT 
522, the diluent was the same as above and the responses to the respec- 
. tive frozen standards served both the above and the present purposes. 
f The more recent studies on materials CT 559 and CT 581, however, 
were carried out with a diluent which has been found to be more desir- 
able, namely citrate buffer (pH 6.7; 0.05 M) to which has been added 
1 mgm. per 100 ml. of hyaluronidase.’ 


* See footnote 6, page 317. 
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The bioassay design was one or the other of two procedures which 
were, at the time of the experiment, being tried out in the laboratory 
under routine testing conditions, namely: 

a) “Standardized chicken responses” involving two inoculation sites on 
each chicken.—In the studies on materials CT 501, CT 522, and CT 
559, one of the two wing sites on each chicken was inoculated with a 
sample of the frozen material under test and the otber with a ‘“‘reference 
suspension” of virus which was common to all samples being tested 
simultaneously. The responses (y7 and yz) of a given chicken to the 
test sample (7) and to the reference suspension (2) were determined 
in the usual way. The result for the test sample (7) was then expressed 
as a deviation (y,) of the response (y7) to it from that (yg) for the refer- 
ence suspension (2) on the opposite wing of the same chicken, 2.e., 
YA=Yr—Yr. Refractory chickens which failed to develop tumors 
contributed no information relative to y, and were therefore eliminated 
from the results. Care was taken, however, to use only concentrations 
of virus within the dosage range that was expected to induce tumors 
in all but the unusually refractory individuals, and within which the 
latent period response was highly correlated with dose. 

The dose of the reference suspension (xg) was constant for all chickens 
within a given experiment and the y, values within each experiment 
may therefore be regarded as ‘‘standardized chicken responses’ from 
which the variations due to differences between chickens have been 
eliminated. For the present purpose the nature of the reference sus- 
pension and its potency relationship to the test samples were immaterial. 
The only requirement was that the potency of the test (7) and reference 
(R) suspensions did not differ too greatly so that deaths resulted from 
tumors induced by the stronger material before the weaker had had 
full opportunity to produce its effects (9). (The maximum tolerated 
potency difference between inoculums on the same chicken is about 2 
log intervals.) 

b) Individual chicken responses based upon one inoculation site per 
chicken.—A bioassay method presently under investigation in this 
laboratory involves the latent-period response when only one site is 
inoculated on each test chicken. The studies on variations among 
samples of frozen material CT 581 were made with this procedure. 
The response metameter was the reciprocal of the latent period 
(X 100), or y=100/LP. Chickens which failed to develop tumors were 
excluded from the results. The group averages were therefore de- 
termined from the responses of the tumor population, only (cf. refer- 
ences 1/1, 12 and 13 for similar procedures with other tumor agents). 
The use of this method was limited to the dosage range within which 
the latent period was highly correlated with dose and within which most 
of the inoculated chickens (more than 50 percent) developed tumors. 
Test chickens —The chickens were of the New Hampshire Red breed 
and were 3 to 5 weeks of age at the time of inoculation with virus. All 
were derived from the same commercial source, which maintained its 
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own breeding flock. The diet was constant throughout the investiga- 
tion, consisting of Purina Startena Checkeretts and tap water, ad 
libitum. 

Experiments and Results 


Studies on the Stability of Frozen Virus with Time 


As indicated in the foregoing section, most of the data pertaining to 
the stability of frozen virus with time were collected during the course 
of routine bioassays in which frozen samples were used as standards of 
reference for relative potency determinations. The mean chicken re- 
sponses to the respective frozen standards are plotted in text-figure 1 in 
relation to date as well as to time of storage in a CO, ice chest. The 
vertical lines represent the errors of the means at the probability level 
0.05. The limited supply of samples of CT 501 was exhausted on April 22, 
1953, after storage for a maximum period of 439 days. Beginning on 
August 5, 1953, the use in routine bioassays of frozen standards CT 522 and 
CT 559 was discontinued and remaining stocks of these materials were re- 
served for special tests to be carried out at wide intervals over long periods 
of time. At the time of this writing material CT 522 had been under ob- 
servation for 665 days and material CT 559 for 406 days. The studies 
on CT 581, the most recent standard, had been in progress for only 209 
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TEXT-FIGURE 1.—Mean chicken responses to 4 standard preparations of frozen Rous 
sarcoma virus on successive dates, and after successive times of storage in a CO, 
ice chest (see text). 


Vol. 15, No. 2, October 1954 
307712—54——_13 








322 BRYAN, MOLONEY, AND CALNAN 


days at the time of the last completed test recorded herein. The two 
sets of responses for material CT 581, designated as A and B in the 
bottom chart of text-figure 1, represent separate groups of 120 chickens 
tested in one wing site each on the same day. In one of these groups (A) 
material CT 522 was inoculated into the alternate wing site on each 
chicken, while in the other group (B) material CT 559 was inoculated into 
the alternate site. The responses to the latter materials were derived 
respectively from chickens of these same groups. There was, therefore, 
a correlation between chickens which determined the responses to set A 
of CT 581 and material CT 522, and, between those which determined 
the responses to set B of CT 581 and material CT 559, from date August 5, 
1953, on through the last date recorded in the figure (3-24-54). 
Text-figure 2 shows the data for all materials in relation to time of 
storage in a CO, ice chest, regardless of chronological order of the studies 
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TextT-FiGuRE 2.—Composite graph showing responses to all standard lots of Rous 
sarcoma virus on a common scale for time of storage in a CQ, ice chest. The re- 
sponse data are the same as in text-figure 1, but they have been corrected to a 
common mean (the horizontal line at zero ordinate) and are plotted as deviations 
from the respective frozen lot means (see text). 
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TEXT-FIGURE 3.—Variations among sample means in simultaneous tests involving 
common sample and test-chicken lots. Data of studies on frozen Rous sarcoma 
virus, standard lots CT 501, CT 522 and CT 559 (see text). 
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TEXT-FIGURE 4.— Mean responses to successive dilutions of frozen Rous sarcoma virus, 
standard lot CT 581. Data of 5 separate samples tested simultaneously in chickens 
of acommon lot. The open-shaped symbols represent the coordinate means , 7) 
for samples. The oblique lines are computed regression lines (see text). 
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on the separate frozen lots. The responses are in the same units as in 
text-figure 1, but they have been corrected to a common mean (the 
horizontal line at zero ordinate) and are plotted as deviations from their 
respective, frozen lot, means. 


Studies on the Variation among Frozen Samples of a 
Common Lot 


Studies on materials CT 501, CT 522 and CT 599 involved the use of 
the “standardized chicken response” described in a preceding section. In 
each experiment 3 groups of 20, or a total of 60 chickens, were inoculated 
with each sample of virus. The variation between samples was deter- 
mined from the sample means, each based upon approximately 60 chickens 
(resistant chickens, and those dying during the experiment were omitted), 
whereas the experimental error was estimated from the variation among 
means for the 3 replicate groups within samples. 

The experiment with material CT 501 was performed on the 181st day 
after freezing. It involved the simultaneous comparison of 10 separate 
samples, all of which were diluted X 10~? for the purpose of the test. The 
results are presented in the left chart of text-figure 3 in terms of de- 
viations of the sample means from their common mean (indicated by the 
solid horizontal line). The broken horizontal lines represent limits of 
chance variation (P=0.05) of individual samples about the common 
mean as determined from the average corrected number (57) of chickens 
per sample. The variances associated with the different sources of error, 
and their ratio are given in table 1. 

The results of experiments involving materials CT 522 and CT 559 are 
shown respectively in the middle and right charts of text-figure 3. The 
procedures were similar to the above except that 3 of a total of 9 samples 
of CT 522 were compared within each of 3 different dilution groups 
(10-?, 10-? and 10‘), and 4 of a total of 8 samples of CT 559 were com- 
pared within each of 2 replicate technical groups. The variances asso- 
ciated with experimental error and with differences between samples 
(within dilution or technical groups) are given, together with their ratios, 
in table 1. 

The technical procedures and the design of experiment employed in the 
studies on material CT 581 differed basically from those described above. 
In this instance each of 5 samples was diluted serially, in tenfold steps, 
and each dilution of each sample was inoculated into the left wing site of 
10 chickens. Only this one site on each chicken was inoculated. The 
results for dilutions within the significant dosage range are presented 
graphically in text-figures 4 and 5. The former shows the group responses 
in relation to log dilution (i.e. to log relative dose) for each of the respec- 
tive samples. The variation of the dose group means (the @ symbols) 
about the individual computed regression lines was used for estimating 
the variation within samples, i.e. experimental error. The variation be- 
tween samples was determined from the differences in positions of regres- 
sion lines of common slope as located by the coordinate sample means 


Vol. 15, No. 2, October 1954 








324 BRYAN, MOLONEY, AND CALNAN 





‘ 
” 


Nn 
° 


| T T T t | tT tT ST | ' ' t ' if T 






COORDINATE MEANS (X,y) 
° SAMPLE i] 


” 


BIOLOGICAL RESPONSE 
(ys!00/LATENT PERIOD IN DAYS) 


vgeuwn 


4 
a 
gv 
° 
@ ALL SAMPLES 


i 2 1 |] i | vo a a 








i ! 1 i 
-6 -5 -4 -3 
LOG DILUTION—(x) 





TEXT-FIGURE 5.—Composite graph showing the individual regression lines and 
coordinate sample means of text-figure 4 in relation to the common regression line 
(the heavy solid line) computed from the data of all samples (see text). 


(Z, y) for the respective samples. (The individual slopes did not differ 
significantly from the common slope.) The estimates of variance asso- 
ciated with experimental error and with differences between samples are 
given together with their ratio in table 1. The coordinate means are 
represented graphically by the open-shaped symbols of text-figures 4 and 5. 
Text-figure 5 shows the individual computed regression lines and coordi- 
nate means plotted in relation to the common regression line (the heavy 
solid line) determined from the combined data of all samples. The curved 
broken lines represent the limits of chance variation (P=0.05) for indi- 
vidual lines about the common line as computed for the average number 


TABLE 1.—Summary of results of analyses of variance for studies on the variation among 
comparable samples of frozen virus tested at the same time 
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CT 501 8-6-52 181 9 | 4. 006 20 | 3. 098 1. 29 >a 2 
CT 522) 10-29-52 153 6 | 4. 364 18 | 3. 360 1. 30 >0. 2 
CT 559| 7-15-53] 156 6 | 6.092 | 16 | 3.192| 191 |/02>P>0.1 
CT 581| 9-23-53 27 4 | 4 424 10 2 404 | 1.77 |0.2>P>0.1 
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(37) of test chickens per sample. The equation to the common regression 
line and its error (N=37) was found to be 





Y=14.301+2.718 (2+4.421) +-0.0674-+0.0561 (2+4.421)°. 


The Gaddum precision index (14-17) computed from the variation of 
data of all samples about the common regression line was found to be 


The studies on material CT 581 were made after storage of the samples 
for 27 days in a CO, ice chest. 


Interpretations of Results 


In the absence of a previously proved stable preparation of Rous 
sarcoma virus which could be used as a standard of reference, the only 
basis for judging the stability of the present virus materials with time 
was by reference to the average chicken response (i.e. to a “biological 
standard’). As is well known (see reference 17 for discussion), most 
test-animal populations are highly variable, and are far too unstable in 
their sensitivities to biologically active agents to be used, directly, as 
standards of reference for exact quantitative comparisons of potency at 
different times. The present studies demonstrate this to be the case 
also for responses of chickens to the Rous sarcoma virus. The results 
for individual virus lots in text-figure 1 show highly significant fluctuations 
among closely adjacent points as well as significant undulatory changes 
in the level of response over broader periods of time. That the fluctuations 
and undulations might be primarily associated with changes in chicken 
sensitivity is suggested by the similarity of the curves for the different 
materials during the period when simultaneous tests were made on the 
same day in comparable groups of chickens from the same hatching lot. 

The fluctuating chicken sensitivity makes it impossible to judge from 
limited observations on a single material during a brief chronological 
period whether a slight over-all regression covering the entire period of 
observation is to be associated with a) changes in potency of the virus 
samples, b) changes in test-animal sensitivity, or c) both of these factors 
operating simultaneously. 

In order to compensate as much as possible for gradual changes in 
test-animal sensitivity which might be confused with true regressions in 
potency, the data for all frozen lots were plotted conjointly on a common 
scale for time-of-storage, as shown in text-figure 2. Since the different 
materials were staggered over a period of about 1% years with respect to 
date of freezing and initiation of the biological studies, the fluctuations 
in chicken sensitivity associated with different materials could be expected 
to balance each other to a considerable extent, thus providing a basis for 
the detection of any important over-all! regression of potency on time-of- 
storage. As may be seen in text-figure 2, there was no evidence of a 
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systematic departure of the plotted points from the common mean 
represented by the horizontal line at zero ordinate. Attempts to evaluate 
any slight trend by statistical tests would be meaningless because of 
variations in relative weights of individual points, and because of the 
“bunching” of points, arbitrarily, during certain periods as a function 
of the frequency of routine tests being carried out primarily for other 
purposes. 

Because of the wide fluctuations of the individual points about the 
common mean it is not possible to rule out relatively small, but real, 
changes in potency of the frozen virus preparations during the periods 
represented. It is apparent however that no appreciable reductions in 
virus potency occurred during storage of the samples for periods up to 
665 days. 

The results on variations among samples of the same lot are simple and 
clear cut. Reference to text-figures 3 and 5 and to table 1 show all of the 
variations among samples tested at the same time under comparable con- 
ditions to be well within limits of chance variation due to experimental 
error. The separately frozen samples of a common lot may therefore be 
regarded as being reproducible with respect to potency within limits of 
error of the biological methods. 

The finding of conditions under which partially purified suspensions of 
Rous sarcoma virus could be preserved over relatively long periods of time 
without detectable loss in biological activity, and without significant 
variation among comparable samples, makes possible the preparation and 
use of standard lots of this virus for quantitative potency reference. It 
is not known at this time whether the virus will remain stable for periods 
longer than those reported herein, i.e. 209 to 665 days, nor whether a 
‘permanent standard” could be maintained by storage at low temperatures 
under the conditions described. Nevertheless, the availability of stable 
reference suspensions for even these lengths of time is of considerable 
importance because it provides a basis for quantitative comparisons of 
relative potencies in experiments extended over fairly long periods of 
time, as well as in different laboratories within the time limits thus far 
established. 

Additional results of importance revealed in these studies, and now 
being further investigated, are the findings of a smaller standard deviation 
for the biological responses and a steeper slope (see text-figs. 4 and 5) 
of the dosage-response curve when only one site (the wing area) was 
inoculated on each test chicken, than when multiple inoculation sites 
were employed (9). The value, A~=0.6, for the Gaddum precision index 
in the present case is just half that, 1.2, obtained with multiple site 
inoculations (9,14). This may mean that the same accuracy can be 
obtained in bioassays with only one fourth the number of unit observations 
as were formerly employed in experiments involving a multiple site design 
(e.g. 18). Experiments to test this indication under varied laboratory 
conditions are in progress. 
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Discussion 


The investigations reported herein were undertaken for the purpose of 
providing stable suspensions of the Rous sarcoma virus which could be 
used as standards of reference for quantitative potency determinations. 
It should be emphasized that the need, and the goal, was not that of a 
‘permanent standard” such as would be required for Biological Standard- 
ization (e.g. of drugs) on an International basis, but only that of a local 
“laboratory standard” which could be used in comprehensive quantitative 
investigations extended somewhat in time (e.g. a few months to a few 
years), as well as in various laboratories engaged in similar studies on the 
same virus. ‘The methods described for the preparation and preservation 
of Rous sarcoma virus samples yield satisfactory standards of reference 
for these purposes. 


The principle of using frozen preparations in work with viruses is of 
course quite generally applied, and results with other viruses similar to 
those reported herein have been described (e.g. 1, 2, 19-23). Most of 
these have, however, involved crude extracts or simply aliquots of dis- 
eased tissues or infected natural fluids. The particular problem under- 
taken in the present investigation was that of finding conditions which 
would permit the use of more highly purified virus preparations as stand- 
ards of reference for quantitative potency determinations. The solution 
was found in the use of citrate reagents as suspending media, their suit- 
ableness having been suggested by the fact that this highly unstable virus 
could withstand practically saturated citrate concentrations for several 
hours at low temperatures without appreciable loss in biological activity 
(6). 

Even if it should not be found possible in future investigations to main- 
tain standard preparations of the Rous sarcoma virus for periods longer 
than 2 years, nevertheless, determinations of relative potency between 
successive reference preparations which overlap in time can be made 
and a common basis of potency reference can thereby be maintained. 
This has been initiated in the case of frozen virus lots prepared in this 
laboratory and will be reported upon in a subsequent publication. 


Summary and Conclusions 


Partially purified suspensions of the Rous sarcoma virus were found in 
preliminary tests to undergo no appreciable loss in biological activity 
when frozen and thawed in solutions of citrate salts. Investigations 
were undertaken to determine: a) the length of time citrate suspensions 
of the virus would remain stable during storage in a CO; ice chest, and b) the 
degree of variability among frozen virus samples of a common lot. No 
evidence was found of a loss in potency among 4 lots of frozen virus 
which were stored for total periods ranging from 209 to 665 days. The 
variation among separately frozen samples of the same lot was found to 
be within limits of error of the biological tests. It is concluded that cit- 
rate suspensions of partially purified Rous sarcoma virus, prepared as 
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described, constitute reliable materials for use as standards of reference in 
quantitative bioassays. 
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The Density of the Rous Sarcoma 
Virus in Sucrose Solutions’ 


H. Kanter, W. R. Bryan, B. J. Luoyp, Jr., and 
J. B. Mooney, National Cancer Institute,? 
Bethesda, Md. 


It is essential in the characterization of a macromolecular structure to 
have at least an approximate value for the particulate density * in solution. 
In the case of the Rous sarcoma virus the only published value (1) was 
obtained by the falling-drop method. In view of the large amount of 
nonviral material now known to be present in simple centrifugally pre- 
pared specimens, this value cannot be given much weight. 


Materials 


Two preparative procedures were used, yielding entirely different types 
of virus suspensions. ‘These were: 

I) Excised tumors stored in a sub-zero freezing unit were homogenized 
with a Waring blendor and made up to a 6.6 percent suspension in 0.15 
M potassium citrate plus 0.001 percent hyaluronidase (Worthington). 
This was cleared of tissue debris in the centrifuge twice at 2,300 X g for 
20 minutes and once at 18,000 X g for 6 minutes’ effective time.* The 
cleared supernate was then sedimented at 18,000 X g for one hour. The 
pellet from this run was resuspended in 1/25th the original volume of 
citrate and cleared again 2 times at 10,000 X g for 5 minutes, each time 
pipetting off the middle portion of the supernate (2). Numerous aliquots 
of this material were preserved in sealed ampules by freezing and storage 
at low temperatures [see “standard preparation CT 559” (3)] and ap- 
proximately 20 of these samples were thawed and pooled for each density 
test. 

II) Freshly excised tumor was homogenized in a Potter-Elvehjem tube 
with 10 to 30 percent sucrose in the proportions of 1 gram of tumor to 
10 ml. of sucrose solution. This was cleared to eliminate the intact 
mitochondrial fraction at 20,000 X g for 30 minutes and the middle super- 


1 Received for publication June 14, 1954. 

2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 

3 In this paper, all densities are expressed as grams per ml. at 20° C. 

4 The effective time is the time of full running speed plus the equivalent full running-speed time of the acceler- 

y,2 

ation and deceleration periods. Effective time in minutes ==" where N;=revolutions per unit time at each 
minute interval from beginning to end of run. N=revolutions per unit time at full running speed. Since the 
speed is squared in both numerator and denominator the units of speed may be either in seconds or minutes. 
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nate removed, after which 0.001 percent hyaluronidase was added to 
reduce the viscosity. 
Method 


The general method was similar to a procedure used for a determination 
of the density of polystyrene latex (4). Other variations in the use of 
gradient tubes for density determinations have been described by several 
investigators (5-8). The virus suspension was divided into 2 aliquots 
and adjusted by addition of suitable amounts of potassium citrate, 
sucrose, H,O, and D,O to a light and heavy density, for example, 1.120 
and 1.180. Aliquots of these 2 samples were then mixed in the proper 
proportions to give 3 intermediate densities so that 5 samples of density 
1.120, 1.135, 1.150, 1.165, 1.180 were available, each containing the same 
amount of virus. One ml. of each sample was successively layered into 
celluloid tubes of 5-ml. capacity (text-fig. 1a), thus giving a density gradi- 
ent from 1.120 to 1.180. The tubes were placed in an angle rotor at 30° 
to the vertical and spun at 100,000 X g for 3 hours. At the end of the 
run, ten %-ml. fractions were withdrawn from each tube with a sampling 
device (9). Corresponding samples from several tubes were pooled. 
The densities of the fractions were then determined with a pyknometer, 
corrections being made for any deviations in temperature from 20° C. 


Bioassays 


All potency estimates of this investigation were single dose assays made 
in relation to a common frozen standard, CT 559, described in an accom- 
panying report (3). Each bioassay involved the inoculation of standard 
and unknown, in appropriate dilutions, into opposite wing sites on each 
of 40 test chickens. A previously determined value for the slope of the 
standard dosage-response curve was used for the calculations of relative 
potency. The average error determined in other studies of this same 
procedure is about 0.2 log intervals, neglecting the component due to 
variations in slope. The bioassay procedures were designed to handle as 
many different unknowns as possible within a single experiment and, at 
the same time, to detect peak changes in relative potency in a series of 
related samples. The percentage values for potency (concentration) are 
therefore not presented as accurately established points on the relative 
potency scale, but they do have a higher degree of accuracy in indicating 
the point on the scale of successive fractions at which biological activity 
has been concentrated. 

Results 


It was found that the virus was concentrated in the central zone of the 
centrifuge tube if the proper density range of solution was used (text-fig. 
16). The solution being heavier than the virus at the bottom of the tube, 
negative sedimentation occurred in this region, while in the top of the 
tube, the solution was lighter than the virus and the virus sedimented 
outward and downward. In the isodensity region where the solution had 
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the density of the virus, no motion occurred. Hence, all of the virus 
tended to collect in the isodensity zone, near the center of the tubes, 
while fat collected at the top of the tubes and large, heavy protein aggre- 
gates appeared as pellets. This step has thus produced a concentration 
and purification of the virus. 
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TEXT-FIGURE 1.—a) Filled tubes before centrifugation. Five layers of 1 ml. each, 
containing the same amount of virus, varying in density from 1.120 to 1.180. Sucrose 
and D,O concentrations vary from layer to layer, while there is usually a constant 
small amount of potassium citrate in each layer. 6) Tubes after centrifugation. 
Illustrates the concentration of virus near the middle of the tubes. Dashed lines 
represent }4-ml. fractions removed from the tube in sequence with a sampling 
pipette. F is the fatty layer, V is the virus, and P the pellet of heavy particles and 
aggregates. 


The result of a density fractionation with concentration of virus as 
determined by bioassay is shown in text-figure 2. Here the biological 
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TEXT-FIGURE 2.—The relative concentration of virus in percent (100 X C/Cp) plotted 
against the density of solvent. The isodensity point taken as 1.162 is the solution 
density corresponding to the maximum concentration of virus. D,O concentration, 
25 percent by volume; potassium citrate, 0.8 gm. per 100 ml.; and sucrose, 35.2 gm. 
per 100 ml. at isodensity point. 
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activity has been concentrated in a region of density about 1.162 with 
negligible amounts in a region greater than 1.175 or less than 1.155. This 
indicates the virus is homogeneous to better than 0.02 in density since the 
fractionation and sampling procedures tend to broaden the bands. 

Several experiments were performed using different proportions of 
sucrose, D,O and H,O, keeping potassium citrate constant at about 1 per- 
cent. The results of such a series of tests are shown in text-figure 3, 
indicating an increasing isodensity point with increasing D,O content in 
the solvent. The points enclosed by triangles were obtained using prep- 
aration method II (fresh tissue), while the points enclosed by circles were 
obtained using preparation method I (frozen tissue). There seems to 
be no significant effect upon the isodensity point associated with the 
method of preparation of the virus suspension. 
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TEXT-FIGURE 3.—Isodensity point of virus plotted against percentage D.O in mixtures 
of sucrose, D,0O and H,0 with potassium citrate about 1 percent. Circled points 
refer to material prepared by method I. Points enclosed by triangles refer to 
material prepared by method II. 


Discussion 


The increase in isodensity from 1.150 to 1.174 when 65 percent D,O 
was substituted for approximately 10-percent sucrose in the solvent seems 
to be in qualitative agreement with the work of Sharp, Beard, and Beard 
(10) on the sedimentation of swine influenza virus in sucrose solutions and 
in D,O-Ringer solution. These authors found a higher sedimentation 
velocity in heavy water than in sucrose at the same density after cor- 
recting for viscosity, and the extrapolated curves showed a considerably 
higher isodensity value in D,O than in sucrose. 

Numerous other investigations have shown a considerable effect of the 
solvent upon the density of virus particles (11-18). 

It is a safe assumption that deuterium in the solvent will rapidly 
exchange with hydrogen in the virus particle thus increasing the density 
of the virus, though this effect may be small. The D,O of the solvent 
will also interchange with bound water in the virus particle contributing 
a further increase in particle density. Presumably the “osmotic effect’’ 
of sucrose on these particles is smaller than the deuterium oxide effect. 
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It is relevant to point out that the present method of density determina- 
tion is a static method free from hydrodynamic errors. These errors, 
about which there is some confusion in the literature, arise from assump- 
tions regarding viscosity and other factors affecting the sedimentation 
velocity method. 

If we assume the value 1.150 for the isodensity point of the Rous 
sarcoma Virus in sucrose and water, it follows that this virus is in the low- 
density class. This low density could be attained by the incorporation 
of either lipids or water into the virus. 

An important question, the answer to which must await the prepara- 
tion of a highly purified virus preparation, is the relation between the 
density in sucrose of over 4 times the isotonic concentration to the density 
in isotonic solutions or buffers as used in sedimentation studies. From 
the curves published by Smadel, Pickels and Shedlovsky (12) for the sed- 
imentation of vaccinia, the hypothetical difference in density of vaccinia 
in sucrose d=1.15 and in a dilute buffer is 0.03. It is possible but not 
probable that the Rous sarcoma virus might have a similar decrease in 
density, which would give a value in dilute buffer of 1.12. 


Summary 


1) A method, previously used on polystyrene latex, has been adapted to 
the determination of the isodensity point of Rous sarcoma virus. 

2) The isodensity point of the virus in sucrose water is 1.150. With 
the addition of 65 percent D,O to the solvent and decrease in sucrose 
concentration, the isodensity point was found to increase to 1.174. 

3) The low density of the Rous sarcoma virus indicates the presence in 
the virus of either a large amount of lipid or of water. 

4) It is possible, from analogy with previous work, that the density of 
the Rous sarcoma virus may be as low as 1.12 in dilute buffers. 
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The Sedimentation of the Rous Sar- 
coma Virus ' 


H. Kanwer, W. R. Bryan, B. J. Luoyp, Jr., and 
J. B. Mooney, National Cancer Institute? 
Bethesda, Md. 


The sedimentation velocity constant of the Rous sarcoma virus is 
useful, among other things, in following the course of concentration and 
purification of the virus and as an aid in the identification of the virus by 
electron microscopy. Several studies have been reported on this subject 
(1-3), the results in (1) and (2) being expressed as particle diameters. 

In recent years improvements in technique make a more accurate de- 
termination possible. First, the latent-period method of bioassay has 
improved the accuracy of the viral concentration determination (4-6). 
Second, the swinging-tube rotor with a solvent density gradient (7, 8) 
has made a more accurate estimation of sedimenting boundaries possible. 
Finally, a value for the virus density has been obtained (6) which replaces 
previous assumed values. 

Materials 


The virus materials were of two different types: 

1) Frozen standard preparation CT 559 described in accompanying 
reports (5, 6). 

Il) Three grams of tissue were taken up to 100 ml. with 0.9 percent 
NaCl, homogenized in a Waring blendor, and cleared at 18,000 < g for 
30 minutes. The middle portion of the supernate was pipetted off for 
sedimentation studies. 

Method 


The following method was used: 

1) To three aliquots of the virus suspension were added sucrose or 
D.O and 1 percent potassium citrate to give three solutions of densities 
1.01, 1.02 and 1.03. One-half ml. of each of these three solutions was then 
successively layered into 1.5-ml. tubes for centrifugation in the swinging- 
tube rotor (7). The density gradient from 1.01 to 1.03, and in other cases 
from 1.01 to 1.08, was employed to stabilize the sedimentation boundary. 

2) After centrifugation for approximately 40 minutes’ effective time at 
200 r.p.s. (8,000 X g) 6 or 7 fractions of 0.2 ml. each were removed from 


! Received for publication June 14, 1954. 
2 National Institutes of Health, U. S. Department of Health, Education, and Welfare. 
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each tube with a sampling pipette (7) and the pellet was resuspended in 
the final fraction. 

3) These fractions were then diluted and tested by bioassay. 

In the earlier studies of this series the bioassay method was one previ- 
ously described (4) which involved a Latin-square design and 40 chickens 
per assay. The more recent experiments, however, involved the same 
method as that described in the accompanying report of studies on the 
density of the Rous sarcoma virus (5, 6). 

4) From the bioassays the relative concentration of virus was estimated. 

5) The relative concentration of virus was plotted against the position 
or distance from the meniscus of the particular fraction. 

6) From the position of the boundary the sedimentation constant was 
calculated in a manner similar to that used in the analytical cell (Sved- 
berg). For this purpose the density value 1.15 for the virus particle (6) 
was used. 

This general procedure utilizing angle-tube rotors has been used by 
other investigators (9-11). 

Results 


The concentration of virus as determined by bioassay is shown plotted 
against the number of fractions removed from a tube in text-figure 1. 
In this experiment the plateau region is about 15 percent of the original 
concentration; while the greater part of the virus, in the aggregated state, 
has sedimented to the bottom fraction. Seven such experiments gave a 
sedimentation constant of 655+50 Svedbergs. This value of the sedi- 
mentation constant combined with a density value of 1.150 gave a particle 


, , . F 426 | 
diameter in solution of 89+3 my from the relation D=——— 1S». 
VP— Po 
Where D is the particle diameter in cm., Sx is the sedimentation constant 


in C.G.S. units, p is the particle density and p, the solvent density. 
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TEXT-FIGURE 1.—Relative concentration of virus, estimated from bioassay, plotted 
against the fraction number removed from centrifuge tubes after an effective running 
time of 47.5 minutes at 190 r.p.s. 20° C. The pellet was resuspended in fraction 7. 
C=concentration of virus after centrifugation, 

C,=concentration before centrifugation. 
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Discussion 


The larger value 89 mu reported here for the virus diameter, as compared 
to previous values of 65 my to 75 my, is the consequence of the density 
value 1.15 instead of the older assumed value of 1.25. Should it be found 
subsequently that the density in dilute buffer solutions is as low as 1.12 
(6), the computed value of the diameter would be increased to 100 mu. 

It is considered in the present work that the concentration of the virus 
is so low that Sx» would correspond to the infinite dilution value. 


Summary 


The sedimentation constant of Rous sarcoma virus has been determined, 
utilizing the bioassay estimation of virus concentration on serial samples 
removed from ultracentrifuge tubes. The sedimentation constant of the 
virus was 655 Svedbergs. Using a density of 1.15 this leads to a diameter 
of 8943 mu. 
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The Development of an Isogenic Sub- 
line of Mice (C57BL/6-H-2%) Resistant 
to Transplantable Neoplasms Indige- 
nous to Strain C57BL"? 


Pauto R. F. Borges, Barsara J. Kvepar,* and 
G. Euizaseta Foerster, Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine 


Selection for a variant type of response in transplantation to a C57BL/6 
mouse leukemia has produced a resistant subline of mice, previously 
reported as B10-r (1). This subline was developed from the pedigreed 
strain C57BL/10. B10-r and C57BL/10 animals are presumably isogenic 
and differ only by the fact that the former are resistant to several trans- 
plantable neoplasms indigenous to strain C57BL, specifically subline 
10. A mutation involving a single histocompatibility gene was held as 
the probable explanation for the origin of the new subline. 

It is our purpose to report a new isogenic resistant subline derived from 
an inbred, but nonpedigreed stock of C57BL/6 mice. It has already 
been shown that both this new subline and the one previously reported 
(B10-r) arose by mutation at the histocompatibility-2 (H-2) locus, a 
change from H-2° to H-2¢ (2). Therefore, according to the “Standardized 
Nomenclature for Inbred Strains of Mice” (3) the mutant stocks should 
be designated as C57BL/10-H-2¢ and C57BL/6-H-2%, respectively. The 
object of this paper is to present the results of the transplantation tests 
which led to the identification of the mutant subline C57BL/6-H-2?. 


Materials and Methods 


The origin and characteristics of strain C57BL/6 have been given in 
another publication (1). This strain has been inbred by brother sister 
matings for more than 32 generations (3). A large colony of C57BL/6 
mice is maintained by the Roscoe B. Jackson Memorial Laboratory to 
produce animals for general supply. The primary breeders in this colony 
come from a pedigreed stock, but their nonpedigreed offspring are brother X 
sister mated, and may be so continued for a maximum of four subsequent 
generations in order to make up new breeding cages. The animals 
Secured from the general supply colony have an unbroken history of sib 


1 Received for publication June 14, 1954. 
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matings, although it is not always possible to trace back their ancestry. 
It is from this stock of C57BL/6 mice that the mutant isogenic resistant 
subline C57BL/6-H-2¢ was developed. 

The C1498 leukemia used in these experiments is indigenous to the 
C57BL/6 strain, and is routinely carried in hosts from our personal colony 
(C57BL/6JBs). One hundred percent of these animals are susceptible 
to grafts of this neoplasm, the hosts dying in 9 to 14 days after sub- 
cutaneous inoculation. However, C57BL/6 mice secured from the general 
supply colony maintained by the Roscoe B. Jackson Memorial Laboratory 
were occasionally used. On three occasions, April, June, and July, 1950, 
a small percentage of mice survived the subcutaneous inoculation with 
the C1498 leukemia. Four pairs of the resistant animals were mated and 
from them, and their offspring, the C57BL/6-H-2* subline was developed. 
At present this subline has been sib bred for 8 generations. All potential 
breeders, when 6 to 9 weeks old, receive a subcutaneous graft of the C1498 
leukemia. As a rule the inoculated tumor grows slowly during the fol- 
lowing 2 weeks and then regresses completely. After 4 weeks, when 
signs of the inoculum are no longer noticeable, the animals are mated 
brother X sister. 

In order to determine to what extent strains C57BL/6 and C57BL/6- 
H-2¢ mice differ in their reaction to tumor grafts, and to ascertain whether 
the resistance of C57BL/6-H-2¢ animals to the C1498 leukemia (strain 
C57BL/6) has a genetic basis, three types of transplantation tests were 
performed: 

1) Inoculation of several mouse tumors, from several strains, into both 
C57BL/6 and C57BL/6-H-2¢ mice (table 1). 

2) Inoculation of the C1498 leukemia (strain C57BL/6) and the P1534 
leukemia (strain DBA/3)* into F, hybrids obtained by crossing C57BL/6 
and DBA/2 animals (table 2). 

3) Inoculation of the C1498 leukemia into F, and F; hybrids (C57BL/6 
< C57BL/6-H-2*), and into backcross offspring obtained by crossing F; 
animals to either their C57BL/6 or C57BL/6-H-2¢ parents (table 3). 

The hosts were 6 to 9 weeks of age at the time of grafting, with the 
exception of those in a few groups that were 1 or 2 weeks older. They 
were kept under observation until they died or until the tumors had 
regressed completely. The animals had unrestricted access to water and 
to Purina fox chow pellets throughout the experiments. 

The tumors were inoculated subcutaneously into both axillary regions, 
by the trocar method, precautions being taken to avoid bacterial con- 
tamination. 

Results 


Six transplantable neoplasms, indigenous to strain C57BL, were 
grafted into both C57BL/6 and C57BL/6-H-2¢ mice in several individual 
trials (table 1). As expected, all of them grew progressively in 100 percent 
of C57BL/6 hosts. In contrast, four of the six tumors failed to grow 


* The P1534 leukemia originated in the subline 3 of strain DBA, but it has been carried for many years in the 
subline 2. It grows progressively in 100 percent of strain DBA/2 animals. 
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progressively when inoculated into animals of the C57BL/6-H-2¢ subline. 
The other two neoplasms, C1498 leukemia and E0771 mammary-gland 
carcinoma, grew progressively in a percentage of C57BL/6-H-2¢ mice (0.7 
and 22.5 percent, respectively). Three of 393 animals were considered 
as positive to the C1498 leukemia. They showed well circumscribed and 
slow-growing tumor masses. Two of them were killed at 31 and 43 days, 
and the other one died 55 days after inoculation. (This same neoplasm 
grows diffusely in strain C57BL/6 mice, killing the hosts in 9 to 14 days.) 
Tumor material secured from the C57BL/6-H-2¢ animal killed at the 43rd 
day induced typical leukemic growths in four of four C57BL/10 hosts but 
failed to grow in nine of nine C57BL/6-H-2¢ mice. This test shows 
that no change in specificity occurred in the leukemic cells during their 
passage through the mutant subline. 


TABLE 1.—Comparison of the susceptibility and resistance to transplanted mouse neo- 
plasms between strains C57 BL/6 and C57 BL/6-H-24 mice 























| | No. of mice susceptible 
ns Percent susceptible 
— | Strain of No. inoculated 
ws C57BL/6- C57BL/6- 
C57BL/6 H-9e C57BL/6 H-94 
: | 789 3* 
—Leukemia........... — — 4 
C1498—Leukemia 739 393 100 0.7 
BI—M ‘ i- 
— ion) 2 2 | 100 0 
30 34 
E0771— Mammary-gland car- 30 23 
GINS oo cava see heen es 30 102 100 22. 5 
S653—Undifferentiated rhab- |) 30 0 100 0 
domyosarcomaf........... 30 34 
B2—Mammary-gland carci- 30 0 
UN wo ace cee kactawses }C57BL/10 30 30 100 0 
B3—Mammary-gland carci- 31 0 
EE Ee. 31 30 100 0 
C954—Liver cell (?) carci- 56 0 
"Ree RR ere: C57L 50 ra 93. 3 0 
dBrB—Mammary-gland car- 0 0 
NS aise ck dase enaan DBA/1 30 31 0 0 
; 0 0 
P1534—Leukemia........... DBA/3 | 30 34 0 0 

















*Very atypical growths. The mice were killed or died at 31, 43, and 55 days after inoculation. (C57BL/6 
mice die in 9 to 14 days after being inoculated subcutaneously with the C1498 leukemia.) 
tMethylcholanthrene induced. 


A liver-cell carcinoma arising in strain C57L‘ grew progressively in 93.3 
percent of C57BL/6 mice, but failed to grow in animals of the mutant 
subline. Here again, a difference in tumor susceptibility is shown be- 
tween sublines C57BL/6 and C57BL/6-H-2*. Two other neoplasms from 

5 Strain C57L is related to strain C57BL. It was originated by selection of animals bearing the leaden coat color 


mutation that arose in strain C57BR. Strain C57BR and strain C57BL were derived by inbreedingjthe brown 
and black progeny of an original common mating of heterozygous mice. 
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two alien strains, a mammary-gland carcinoma (strain DBA/1) and a 
leukemia (strain DBA/3) gave negative results when grafted into either 
‘'57BL/6 or C57BL/6-H-2¢ mice. 

Different results were also obtained when the C1498 leukemia (strain 
C57BL/6), and the P1534 leukemia (strain DBA/3) were inoculated into 
reciprocal F, hybrids obtained by crossing C57BL/6 or C57BL/6-H-24 
mice with DBA/2 animals (table 2). According to the accepted genetic 
principles governing tumor transplantation, F, hybrids derived from 
crosses of two unrelated strains should be 100 percent susceptible to neo- 
plasms indigenous to their parent strains. The F, offspring from 
C57BL/6 * DBA/2 crosses were 100 percent susceptible to both the C1498 
and the P1534 leukemias. The animals obtained by mating C57BL/6- 
H-2¢ to DBA/2 mice all proved to be susceptible to the P1534 neoplasm. 
However, only 2 of 100 of the latter hybrids inoculated with C1498 showed 
progressive growth of the neoplasm (table 2). In these two animals the 
leukemic masses were atypical, that is, they were circumscribed and not 
as diffuse as the ones growing in C57BL/6 * DBA/2 F, offspring. Also, 
the animals with atypical leukemic growths survived longer than the sus- 
ceptible, hybrid controls. The results from this test indicate that C57BL/6 
and C57BL/6-H-2¢ mice are genetically different, as far as their reaction 
to tumor grafts is concerned. 


TABLE 2.—-Results of the inoculation of the C1498 leukemia (strain C57 BL/6) and the 
P1534 leukemia (strain DBA/3) into F; hybrids obtained from crosses between 
C57 BL/6 or C57 BL/6-H-24 and DBA/2 mice 














No. mice susceptible 
F; hybrids No. inoculated with— 
C1498 P1534 

- 30 30 
ee FF Bar 2. a ere sri 30 30 
. 5 34 30 
Ore Me I Cs 6 vk ike cnanigreiee ene caw ce oe 34 30 
Total = hs 
yi i Dna aR dee ETRE TMI KEes eae 64 60 
2* 30 
5 16-H-24 e. = 
9 C57BL/6-H-3¢ K o& DBA/2..................... rs 54 30 
0 33 
‘5 _H-24 an = 
9 DBA/2 X o& C57BL/6-H-2¢............... ee 6 33 
. 2 63 
i oi:5. ick lac arile Bute de Vancad ease eee es Too 63 











*Very atypical growths. The mice died at 28 and 47 days after inoculation. Susceptible F; hybrids (C57BL/6 X 
DBA/2) as a rule die during the second or third week after being inoculated subcutaneously with the C1498 
leukemia. 


Further evidence is supplied by the data shown in table 3. The recip- 
rocal F, hybrids (C57BL/6  C57BL/6-H-2*) proved to be 100 percent 
susceptible to the C57BL/6 C1498 leukemia. Segregation was observed in 
the F, generation, 78 percent of the animals being susceptible. All the 
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backcross offspring (F,;  C57BL/6) died from progressive tumor growth, 
whereas the animals obtained by backcrossing F, hybrids to C57BL/6- 
H-2* mice showed a 55.2 percent susceptibility. These results demon- 
strate that in these crosses susceptibility or resistance to the test tumor 
used was inherited according to Mendelian laws. Also it points to a single 
gene difference between our two sublines of mice. The 100 percent suscep- 
tibility shown by the F, hybrids obtained by reciprocal crosses between 
C57BL/6 and C57BL/6-H-2¢ mice excludes any maternal influence as a 
factor in the different reaction of the two mouse sublines to the leukemic 
grafts. 


TABLE 3.—Results of the inoculation of the C1498 leukemia (strain C57 BL/6) into hy- 
brids obtained from crosses between C57 BL/6 and C57 BL/6-H-24 mice 














Expected 
Hybrids i 9 mice suereptible ec sin 
o. inoculate : 5 
| tible tible* 
‘ ns : iat 33 
F, (9 C57BL/6 X @ C57BL/6-H-24). .| 33 100 100 
F, (9 C57BL/6-H-24 X ¢ C57BL/6). || 2 100 100 
5 | REE ee ROE ee a or ae a ee! MA ee ee 
Wn... ssuacenasrvaisumasreneasmmenntaatte | mae 78 75 
| 113 
Backcross (F; X CS57BL/6)............ Ti3 100 100 
132 _ 
Backcross (Fi; X C57BL/6-H-24)..... | 339 | 55.2 50 








*On the assumption that a single histocompatibility gene is involved. 
Discussion and Conclusions 


The occurrence of spontaneous mutations involving one of the histo- 
compatibility loci is a possibility which was demonstrated when an isogenic 
resistant subline of mice was developed from the inbred strain C57BL/10 
(1). The present report adds one further example, this time in strain 
C57BL/6. <A paper which has preceded the present one has already given 
evidence showing that we are dealing with a mutation at a single histo- 
compatibility locus, a change from H-2° to H-2¢ (2). Strains C57BL/6 
and C57BL/10 are related to each other, but they have been separated 
since at least 1937 and have been maintained as two individual inbred 
strains for a minimum of 40 generations (1). Therefore, we are inclined 
to consider that the C57BL/6-H-2¢ subline and the previously reported 
B10-z subline (C57BL/10-H-2*%) do not have a common mutational 
origin. 

It appears that mutations involving histocompatibility genes, and 
thereby affecting the results of isotransplantations, occur more frequently 
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than has been suspected. Therefore, it is worth keeping such a possibility 
in mind whenever one tries to explain unexpected results obtained from 
transplantation experiments in which long-established, inbred strains of 
animals are used. 

Summary 


A new isogenic resistant subline of mice (C57BL/6-H-2*) has been 
reported. This subline arose spontaneously from an inbred, but non- 
pedigreed stock of C57BL/6 animals. Data are presented which indicate 
that a mutation at a single histocompatibility locus gave origin to the 
new subline. Evidence has previously been given showing that this sub- 
line arose by mutation at the histocompatibility-2 or H-2 locus, a change 
from H-2° to H-2¢ (2). Attention is called to the fact that similar cases 
may occur in inbred strains of animals, thereby interfering with the re- 
sults of experiments in which isotransplants are used. 
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The Glutamyltransferase Activity of 
Normal and Neoplastic Tissues ' 


Leon Levintow, National Cancer Institute,’ 
Bethesda, Md. 


That glutamine plays an important role in metabolism is suggested by 
its wide distribution in plant and animal tissues, and the participation 
of this amide in a variety of enzymatic transformations, including: 
a) deamidation (1-4), 6) deamidation associated with transamination (5), 
c) transamidation (6), and d) synthesis from glutamate, ammonia, and 
ATP® (7, 8). There is also evidence for its participation in other bio- 
synthetic reactions (9, 10). 

In view of the widespread occurrence and probable metabolic significance 
of glutamine, investigation of its enzymatic reactions in tumors would 
appear to be of interest. The deamidation reactions of glutamine have 
been studied in tumors by Errera and Greenstein (11), and by Greenstein, 
Fodor, and Leuthardt (12), but apparently no investigation of the enzy- 
matic synthesis of glutamine in extracts of tumors has heretofore been 
reported. 

Potter and Liebl (13) have pointed out that neoplasms, in common 
with many normal mammalian tissues, possess considerable ATPase 
activity. This circumstance interferes with the study of glutamine 
synthesis in such tissues, since the ATP necessary for amide bond forma- 
tion is competitively hydrolyzed by the ATPase. 

Recent studies (14, 15) have led to the proposal, based on several 
lines of evidence, that the glutamyl transfer reaction, a transamidation 
in which glutamine is converted to y-glutamylhydroxamic acid in the 
presence of ADP and either phosphate or arsenate, is catalyzed by the 


Py Ps 
O 

conn, C—NHOH 

H, ADP du, 

+ NH,OH —_—— d + NH; 

H, PO, or AsO, H, 
HCNH, HCNH; 

OOH ° boou 


1 Received for publication June 30, 1954. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 


3 Abbreviations employed: ATP, adenosinetriphosphate; ADP, adenosinediphosphate; ATPase, adenosine 
triphosphatase. 
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same enzyme system which catalyzes glutamine synthesis. The transfer 
reaction, moreover, is fully activated by very low concentrations of ADP, 
so that the presence of ATPase does not interfere with its measurement. 

In view of these considerations, study of the transfer reaction in extracts 
of tumors has been undertaken instead of the closely related enzymatic 
synthesis of glutamine, and the transferase activity of extracts of certain 
normal and neoplastic tissues of the mouse and rat has been determined. 
In general, the tumor extracts exhibited a low order of activity, although 
striking exceptions were provided by several mouse hepatomas. 


Materials and Methods 


Tumors.—With a single exception, specimens of transplanted tumors 
maintained at the National Cancer Institute were employed in this study. 
The designation of each tumor, strain of animal, and the original means 
of induction are listed in tables 2 and 3.* 

Preparation of tissue extracts —Animals were killed by cervical disloca- 
tion or decapitation. The freshly removed tissues were extruded from 
a stainless steel tissue press, and extracts prepared with 5 volumes of 
ice-cold distilled water by means of a Teflon Potter-Elvehjem homogen- 
izer. Grinding was carried out for 3 minutes with the tube immersed in 
cracked ice. In some instances tissues which had been frozen and stored 
at —30° C. were employed; comparison of the activities of such prepara- 
tions with those of the corresponding fresh preparations revealed no 
significant differences. 

Analytical procedures.—Hydroxamic acid and phosphate were deter- 
mined as previously described (14). 

Reaction rates —Measurements of enzyme activity were carried out as 
described in tables 1 and 4. In the case of the determination of trans- 
ferase activity, conditions were arranged so that between 1 and 2 uM of 
hydroxamic acid were formed out of a theoretical maximum of about 50. 
The observed rate thus approximated the initial rate of the reaction. 
Added sensitivity in the assay procedure was achieved by using arsenate 
rather than phosphate in the reaction mixture (16). 


Results 


Normal tissues.—Of a group of mouse and rat tissue extracts examined 
for the capacity to catalyze the conversion of glutamine to y-glutamyl- 
hydroxamic acid in the presence of ADP and arsenate, brain, liver and 
testis exhibited considerable activity (table 1). The respective activities 
of the various tissues in the two species were generally in accord, although 
certain differences were noted (17). 


4 The author is indebted to the following members of the National Cancer Institute for generously providing 
the tumors used in this study: Dr. M. K. Barrett (a), Dr. H. B. Andervont (b, c,1, m,n, 0, p), Dr. A. J. Dalton 
(d, 1, p,q), Dr. M. W. Woods (e, f, k), Dr. E. Shelton (g, h), Dr. L. W. Law (j), Dr. G. H. Algire (s), Dr. R. E. 
Greenfield (t), Dr. H. P. Morris (u, v, w). The hepatomas designated 1, m, n, and o are from an unpublished 
series of such tumors. Andervont, H. B., personal communication. 

5 The nitrogen determinations were performed by Mr. R. J. Koegel and his staff. 
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TABLE 1.—Glutamyltransferase activity of tissue extracts* 














Activity 
Tissue 

Mouse | Rat 

| ON RA ee ee ae eee 87 | §82 
IN Soap ole cn 67 Sacer ae | 03 | 9<0 
titra dh ua cd enh ws 1.7 | #31 
Skeletal muscle.......... | 2 4.1 

| oases sree 37 | 130 

I aria ost den cs tice ah 160 | 98 
aig as os Pooch Raa, He a OR 0.3 
1. 6 


PON oh oa sees sn don Saar eta om eae 
| 





*The activity is expressed as uM per hour per mg. N. Reaction mixtures contained 5 uM of MnCls, 100 uM 
of neutralized hydroxylamine hydrochloride, 0 uM of glutamine, 0.1 uM of sodium ADP, 25 uM of potassium 
arsenate at pH 7.0, 100 uM of imidazole buffer, pH 7.0, and sufficient tissue extract to effect the synthesis of 1-2 
uM of hydroxamic acid during a 15-minute incubation at 37° C. The final volume of the mixtures was 1.0 ml.; 
the pH was 7.0. Blanks consisting of the complete reaction mixtures without ADP and arsenate were sub- 
tracted. The mouse tissues were obtained from 6 C3H mice and the rat tissues from 3 Sprague-Dawley-Holtz- 
man rats. 


Tumors.—The glutamyltransferase reaction in extracts of a variety of 
tumors was found to be generally so low as to be scarcely perceptible 
(tables 2, 3). In striking contrast, extraordinarily high activity was 
noted in the case of several mouse hepatomas (m, n, 0, p), and moderately 
high values in 2 other instances (k, r). That this phenomenon is not 
characteristic of hepatomas in general is suggested by the observation 
that 2 mouse hepatomas (1, q) and 3 rat hepatomas (t, v, w) conformed 
to the more general pattern of very low activity. 

One lymphoma (h) of several which were examined, exhibited a some- 
what higher activity than the others. 


TaBup 2 —Glutamyliransferase activity in mouse tumor eztracts* 








Key | Tumor Strain Mode of induction | Activity 
a Mammary carcinoma 
CE Ws Soo wanes ss C3H spontaneous.......... 0. 5 
b Mammary carcinoma.... RIII | spontaneous.......... 12 
ce | Mammary carcinoma.... C3H | spontaneous.......... 0. 5 
d | Mammary carcinoma.... C3H | spontaneous.......... 0.1 
e Melanoma §-91........ DBA | spontaneous.......... 1.0 
f | Harding-Passey mela- 
= PSS eee BALB/C | spontaneous.......... | 0. 9 
g | Lymphoma #1. A t See 3.3 
h | Lymphoma #2. sors A CO ae | 126 
i | Thymoma 20621... iad DBA | spontaneous.......... a7 
j Lymphocytic leukemia | 
L-5397 (solid)........ DBA | methylcholanthrene. .. .| 3. 4 
k | Hepatoma 3132......... C57BL | acetylaminofluorene....) 115 
1 Hepasoma 6... ......6:| C3H | spontaneous.......... 2.0 
m | Hepatoma 39........... C3H i Seer ee | 900 
n Hepatoma 21........... C3H Ro? | 1300 
o Hepatoma 10...........| C3H | spontaneous.......... 700 
p Hepatoma 98/15........ C3H | spontaneous.......... | 1000 
q Hepatoma 29........... C3H | o-aminoazotoluene..... 1. 
r Primary hepatoma...... | C3H | spontaneous.......... | 125 
s >) See | (C X ADF, | methylcholanthrene.... 1.8 
| } 








*Activity was measured as described in table 1. The values represent averages of several determinations with 
tissues from 2 to 12 animals. 
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TABLE 3.—Glutamyltransferase activity in rat tumor extracts* 








Key Tumor Strain | Mode of induction | Activity 
t Hepatoma N....... Sprague- Dawley- | p-dimethylamino- | 2.5 
Holtzman. azobenzene. 
u | Mammary tumor | Buffalo.......... | acetylaminofluorene | 0 
1634. 

v | Hepatoma 3683..... AX C...........| diacetylaminofluo- | 1.9 
rene. 

w Hepatoma 3924..... Oe Gv iciarsices | diacetylaminofluo- 0.5 
| rene. 





*Activity was measured as described in table 1. The values represent averages of several determinations with 
tissues from 3 to 7 animals. 


Comparative activities —A comparison of glutamyltransferase, glutamine 
synthesis, and ATPase activity in mouse liver and three hepatomas is 
given in table 4. The transferase activity, in the presence of added 
manganese, ADP, and arsenate, exceeded the observed glutamine synthesis 
activity by at least 30-fold. The ATPase activity, measured under con- 
ditions similar to those used for the estimation of glutamine synthesis, 
was considerable in each instance. This wide disparity between trans- 
ferase and synthesis activity is not generally observed with purified 
enzyme preparations (14, 18). 


TABLE 4.—Comparison of glutamyltransferase, glutamine synthesis, and 
ATPase activity* 








Key | Tissue | Transferase | Synthesis ATPase 
| 
sackets | Mouse liver........... hua ” 80 | 1.32 | 30 
eee ere eee 115 3. 8 | 50 
p | Hepatoma 98/15........ chee Cxmainunee 900 | 30 45 
-. rere rere re 25 | 0 | 28 








*All activities are expressed as ~M per hour per mg. N. Transferase activity was determined as described 
in table 1; glutamine synthesis, as previously described (15). Reaction mixtures for ATPase determination 
consisted of 50 uM of MgCls, 10 1M of sodium ATP, 100 uM of imidazole buffer, pH 7.0, and sufficient tissue 
extract to bring about the liberation of 1-2 4M of inorganic phosphate in 15 minutes at 37° C. The values were 
corrected by the subtraction of appropriate blanks. 


Discussion 


At least two distinct types of enzymatic conversion of glutamine to 
y-glutamylhydroxamic acid may be distinguished. The first of these does 
not require any added cofactor and is catalyzed by certain glutaminase 
preparations (17, 19). The second is catalyzed by enzyme preparations 
which also catalyze glutamine synthesis, and requires a divalent cation, 
ADP or ATP, and either phosphate or arsenate. Only this latter type of 
transferase has been measured in the present experiments, since blanks 
were subtracted consisting of the complete reaction mixtures except for 
ADP and arsenate. Negligible amounts of color due to hydroxamic acid 
were developed in the blank tubes. 
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In previous studies of glutamine metabolism in tumors, Greenstein 
et al. (12) showed that the glutaminase activity of hepatoma was consider- 
ably higher than that of normal liver. In the present report, high glu- 
tamyltransferase activity similarly is noted in the case of certain mouse 
hepatomas. With the exception of these hepatomas, all tumors which 
were studied had only minimal amounts of activity. However, the 
hepatomas which were examined exhibited considerable variability in this 
respect. One group exhibited activity 10 or more times that of normal 
liver, a second group exhibited intermediate activity similar to that of 
liver, while a third group exhibited the low activity characteristic of 
tumors in general. These striking differences could not be correlated with 
mode of induction of the tumor, growth characteristics, or any other 
feature which was examined. In all instances, the activity of a particular 
tumor remained virtually constant during 2 to 3 successive transplant 
generations. Histologic examination ° of the material stained with hema- 
toxylin and eosin, and by the periodic acid-Schiff technique, showed no 
correlation between structure and enzymatic activity. 

Considerable variability of the biochemical characteristics of mouse 
hepatomas has previously been noted. For example, they may or may 
not contain glycogen (20), and the cystine desulfurase and alkaline phos- 
phatase activities may be high or low (21). The present instance appears 
to represent an unusual case in that the glutamyltransferase activity of 
certain hepatomas far exceeds that of any normal tissue thus far studied. 
An analogous situation has been reported in the case of the acid phos- 
phatase activity of prostatic carcinoma, which exceeds that of normal 
prostate or any normal tissue (22). The alkaline phosphatase activity of 
osteogenic sarcoma far exceeds that of bone, and approaches that of in- 
testinal mucosa, which has the highest known activity (23). 

It is possible that the high glutamyltransferase activity of certain 
hepatomas is an indication of a significant aspect of the metabolism of 
these tumors. However, the possibility exists that this activity may 
represent merely the adventitious augmentation of an enzyme of normal 
liver. Final evaluation of these findings must await the results of further 
study. 

Summary 


1) The conversion of glutamine to y-glutamylhydroxamic acid in the 
presence of ADP and arsenate has been studied in 14 normal and 23 
neoplastic tissues of the mouse and rat. 

2) Low activity was observed in the case of most of the tumors that 
were examined. In striking contrast, however, activities far higher than 
liver or any other normal tissue were noted in the case of several mouse 
hepatomas. These hepatomas could not be distinguished by histologic 


characteristics or any other feature from similar tumors which exhibited 
low activity. 


* The author extends his thanks to Dr. Thelma B, Dunn for carrying out the histologic studies. 
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Lack of Effect of Adrenalectomy on 
Tumor Regression Following X Irradia- 
tion' 


JOANNE WEIKEL Howicrorr and Marion 
Martruews, Radiation Branch, National Cancer 
Institute,? Bethesda, Md. 


In previous studies (1, 2) on the effects of X irradiation on transplanted 
lymphosarcoma #1 (formerly referred to as lymphoma #1) regression of 
the tumor was found to be greater when the tumor and the whole mouse 
were irradiated simultaneously than when the tumor alone was irradiated. 
As the interval between body irradiation and tumor irradiation was in- 
creased, the tumor damage decreased. If the tumor irradiation and body 
irradiation were separated by two minutes, the regression was already 
greatly reduced. Moreover, when the blood supply to the tumor was cut 
off during whole-body irradiation, the tumor regressed very little, although 
clamping off the blood supply during local tumor irradiation did not alter 
regression. These findings that whole-body irradiation indicated a syner- 
gistic action of very short duration. 

In addition, a body dose of 50 r was sufficient to elicit maximum tumor 
response when the tumor was irradiated with 1,000 r (3); 7.e., when the 
body dose was increased as high as 400 r while the tumor dose remained 
1,000 r, no appreciable increase in regression occurred. Furthermore, 
suggestive evidence for an alarm mechanism was seen when sham spleen- 
shielded animals showed greater tumor regression than did intact animals 
when both groups were irradiated with 400 r to the whole body. With 
these findings in mind, the possibility that the synergistic action operated 
through the adrenal glands was investigated. However, the experiments 
reported here show that the response of adrenalectomized animals is 
similar to that of sham-operated controls, 


Experimental Procedure 


Although the lymphosarcoma #1 is carried in strain A mice and all 
previous work on this tumor was done with strain A mice, these mice 
were not well maintained following adrenalectomy. ‘Therefore, in this 
series of experiments, CAF, male mice 3 to 4 months of age were used. 
They were inoculated with lymphosarcoma #1 and 4 or 5 days later 
adrenalectomized bilaterally or given a sham operation. 

! Received for publication June 21, 1954. 

? National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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One or two days after the operation, the adrenalectomized animals 
received a single injection of 0.1 cc. lipoadrenal-cortex (Upjohn). All 
animals were maintained on bread and milk and the adrenalectomized 
animals received 1 percent saline for drinking. Purina chow was available 
to all animals, although very little was eaten by either group when bread 
and milk were given. 

The animals were irradiated 12 to 15 days after transplantation when 
the tumors were about 1 cc. in volume. In the first series of experiments, 
the two groups of mice were given total-body X irradiation of 300 r. 
The dose was delivered at 50 cm. from a 186 KVP, 20 Ma. beam filtered 
with 0.12 mm. copper plus 0.55 mm. aluminum. The dose rate was 77 r 
per minute. 

In the second series of experiments, half the adrenalectomized and half 
the sham-operated animals received 1,000 rto the tumor. The other half 
received 1,000 r to the tumor and 50 r to the body. The irradiation was 
given at 25 cm. from a 186 KVP 20, Ma. beam filtered by 0.25 mm. copper 
plus 0.55 mm. aluminum. The dose rate to the tumor was 226 r per 
minute. All mice were placed in lucite holders and the tumors drawn 
outside. The holders were covered with 5-mm. lead shields in the first 
half of the experiment and with 0.5-mm. lead and 2.0-mm. copper shields 
in the second. 

The tumors were measured with calipers. After the irradiation-induced 
regression, when the tumors had returned to a size greater than the size at 
treatment, the mice were put on 2 percent potassium chloride in drinking 
water and taken off bread and milk to test for completeness of adrenalec- 
tomy (4). All mice dying within 6 days following the start of 2 percent 
potassium chloride were considered completely adrenalectomized. Those 
that survived were considered incompletely adrenalectomized, even when 
no adrenal tissue could be found by gross examination at autopsy. No 
sham-operated animals died within this 6-day period. 


Results 


No difference in tumor response was seen between the adrenalectomized 
mice and the sham-operated animals following similar X-ray treatments, 
as seen in table 1 and text-figures 1 and 2. 

The tumors in both groups of animals treated with 300 r total-body 
X irradiation on an average regressed to a minimum size equal to 73 or 
74 percent of their treatment volume. Tumor regression of the mice 
that did not die within 6 days after being put on potassium chloride are 
included in the table to show that they have the same degree of tumor 
regression. However, in text-figure 1, the 4- and 7-day values of the 
adrenalectomized animals fall outside the 95 percent confidence limits 
of the sham-operated animals. A significant difference between the 
two groups exists at 4 days on the 94 percent level and at 7 days on the 
96 percent level. 

In both adrenalectomized and sham-operated animals, the tumors 
regressed to a minimum of about 74 or 75 percent of treatment size follow- 
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TEXT-FIGURE 1.—Tumor growth following 300 r whole-body X irradiation of adren- 
alectomized and sham-operated mice. The shaded area indicates the 95 percent 
confidence limits of the sham-operated groups. 


ing 1,000 r local irradiation to the tumor and to a minimum of about 47 or 
48 percent following 1,000 r to the tumor and 50 r to the body. 


Discussion 


On the whole, the tumor may not have grown so fast in the adrenalec- 
tomized mice as in the sham-operated animals, as can be seen from the 
average size of the tumor at treatment (table 1). The difference is not 
significant, however, and in untreated, adrenalectomized animals, it did 
grow progressively and did kill the mice about 35 days following trans- 
plantation. As found previously (1), the degree of regression was inde- 
pendent of the size of the tumor at the time of treatment, within the range 
of sizes used. 

The validity of the results from the experiment of high local dose versus 
high local dose plus low body dose is apparent. But whether or not the 
results of the ineffective 300 r treatment show that there is no difference 
between the adrenalectomized and the sham-operated animals may be 
questioned. The range in the percent of reductions in both the sham and 
the adrenalectomized groups is very wide, and the distribution of the 
ratios (tumor volume at minimum over tumor volume at treatment) is 
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TEXT-FIGURE 2.—Tumor growth following 1,000 r local tumor irradiation; and 1,000 
r local tumor X irradiation plus 50 r body X irradiation of adrenalectomized and 
sham-operated mice. The shaded areas indicate the 95 percent confidence limits 
of the sham-operated mice. 


similar in both cases. This indicates that the measurement error is small 
compared with the individual animal variation. 

Examination of the growth curves in text-figures 1 and 2 reveals a 
significant difference in tumor volume only at 7 days after treatment at 
which time only 5 adrenalectomized mice remained alive. Here the 
percent of tumor volume is greater in the adrenalectomized mice than in 
the sham-operated mice. 

After 6 days on 2 percent potassium chloride, the surviving adrenalecto- 
mized animals were killed, autopsied, and observed grossly for adrenal 
tissue. In about 80 percent of the cases, small, round, red adrenal bodies 
were visible; in the others, no adrenal tissue was apparent. Nevertheless, 
all animals living past 6 days were considered as incompletely adrenalecto- 
mized. No adrenal tissue was apparent in animals dying within 6 days. 
No sham-operated animal died within 10 days after being put on 2 percent 
potassium chloride. After 10 days, the tumors began to kill the mice. 

Adrenalectomized mice were more radiosensitive than the sham- 
operated animals as some did not survive a total-body dose of 400 r whole- 
body irradiation, which is in accordance with Edelmann’s (5) observations. 
However, the tumor itself was not rendered more radiosensitive by the 
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absence of the adrenal glands, for both groups receiving 1,000 r to the 
tumor responded similarly. Moreover, adrenalectomy failed to prevent 
the increase in tumor regression accompanying 50 r to the body. 


Summary 


Adrenalectomized male CAF; mice bearing a transplanted lymphosar- 
coma #1 showed the same degree of tumor regression following 300 r whole 
body, 1,000 r local tumor, or 1,000 r local tumor plus 50 r body X irradia- 
tion as did the sham-operated animals. Adrenalectomy did not modify 
tumor regression. Therefore, it can be concluded that the synergistic effect 
of whole-body irradiation is not mediated through the adrenal glands. 
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Mammary Cancer in Mice Observed in 
Different Laboratories and During the 
War Period ** 


Joun J. Birrner, Division of Cancer Biology, 
Department of Physiology, University of Minnesota 
Medical School, Minneapolis, Minn. 


The development of spontaneous mammary cancer in mice is usually 
dependent upon the interaction of several primary factors, including the 
mammary tumor agent (MTA), hormonal stimulation, and genetic sus- 
ceptibility (1-3). In addition to the inherited susceptibility and the 
agent, the genesis of this type of cancer in virgin or nonbreeding females 
has been demonstrated to be associated with an inherited hormonal 
mechanism (4-5). In several inbred strains, this mammary cancer- 
inducing hormonal pattern, termed the inherited hormonal influence (6), 
was found to be related with postcastrational adrenal-cortical alteration 
(7-14). Certain other factors, as temperature (15), diet (16-20), and 
the number of animals housed per pen (21), will influence the appearance 
of these tumors in mice, probably through disturbances in the normal 
hormonal pattern. 

Data have become available during the past 15 years that make it 
possible to compare the incidence and time of development of mammary 
cancer in animals of inbred strains observed in different laboratories. 
For part of the time, the mice were maintained during World War II 
when certain changes had to be made in the commercial animal food, 
due to rationing. Some of these observations are considered in this 
report. 

Materials and Methods 


The origin of the inbred strains A and C3H has been described by 
Strong (22), and details will not be reviewed. Animals of strain A were 
obtained from Strong in 1927, and representatives of strain C3H, also 
to be referred to as strain Z, were received from him in 1931. 

Females of the following generations were tabulated: strain A, 57th 
to 88th, and strain Z (C3H), 44th to 77th. Only females that were used 
to continue the inbred lines were included. The mice are listed according 
to the year when they, or their mothers, were born. Those observed 

1 Received for publication June 30, 1954. 
? Assisted by grants from the National Cancer Institute, National Institutes of Health, U. S. Public Health 
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before 1943 were maintained at the Roscoe B. Jackson Memorial Lab- 
oratory, Bar Harbor, Maine; after that date at the University of Minne- 
sota. 

Some observations are available on the F,; hybrids, produced by recip- 
rocal matings between mice of the two inbred stocks: AQ XK Z@'=AZF;, 
and Z9 X Ao’ =ZAF;. 

The incidence of spontaneous mammary cancer was determined by 
including all females that survived to the age when the youngest mouse 
developed cancer. 

During the entire study the mice received Purina fox chow and tap 
water. The animal quarters were not air-conditioned. 


Results and Discussion 


Ninety-six percent of the breeding females of strain A, born between 
1939 and 1941, and observed in Maine, developed mammary cancer at an 
average age of 280 days (table 1). Only five of the noncancerous females 
of this group survived beyond the average cancer age. 


TaBLe 1.—Observations on the incidence and average age development of mammary 
cancer in breeding females of strain A 





Number | With | Average age (in days) 








: cancer 
| of mice (percent) cancer noncancer 

Females born (1939-1941)........... 358 96 280 268 
Females whose mothers were born | | 

NS iia)e Sie Vain od ahs we oe es Karate e's 71 | 90 318 | 385 
Ser ere ree eo ee 57 77 353 401 
Ne aches rina: ai wien faeces phin riya 97 79 367 433 
ES So did su. wine ale Rae eRaleinee 92 83 340 356 
A ee eT Tre | 67 79 338 381 
UR ait dy ok ito dars Gilt en hich ee at aig 64 101 | 89 300 | 368 
rt errr a ee 84 90 | 306 | 347 
SR re rer et rrr 97 92 306 | 379 


BES Ko Rik mvkpenedeeueenenswaelcs 70 87 291 | 334 





The females of strain A that were continued as breeders and observed in 
Minneapolis are listed by the year of birth of their mothers. Considerable 
variation was noted (table 1) over the 9-year span in both the incidence 
and average age of mice developing tumors. During the first part of the 
period there was a gradual increase in the average cancer age, but after 
1947 tumors appeared at earlier ages. In general, the incidence could be 
correlated with the average cancer age—the later the age, the lower the 
incidence, with an increase in the average life span of the noncancerous 
mice. 

In mice of strain Z (C3H), no significant difference was found in the 
incidence of cancer or average cancer age of breeding females, whether they 
were born between 1939 and 1941 or were the progeny of mothers obtained 
from 1943 to 1951, inclusive, in a different laboratory (table 2). 
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TABLE 2.—Observations on the incidence and average age of development of mammary 
cancer in breeding strain Z(C3H) females 

















on With Average age (in days) 

y ° cancer 

of mice (percent) cancer | noncancer 
Females born (1939-1941)........... 248 95 280 223 
Females whose mothers were born 
SERS Aare yee eer eee 154 96 287 305 
. eee eens rm eee 62 87 290 362 
MN oso awe Se RER Se 108 93 271 292 
Oops uenantogheuesnee | gi 94 286 309 
Ts I eh ae ON eee et 119 96 280 359 
ASR, 8 5 AE spe en ee 143 99 266 470 
re rary ys cat bx hgh picts wide tenes 181 99 277 265 
ee ne ee ars er gre ate a ane 129 95 273 262 
et Gato o ae, Soweto nice so SS ee ates wee es 136 94 275 320 
DES Bec cic ucts oamamaen 1113 96 278 316 











Two groups of strain A virgin females were studied, and they showed 
the same incidence, 4 to 5 percent, when they were observed in either 
laboratory (8, 13). 

The observations for strain Z virgin females are presented in table 3. 
Eighty-nine females, born in 1943 and 1944, gave similar data for mam- 
mary cancer as did others raised during 1945 and 1946. In another series 
of females born during 1948, not only was a higher incidence recorded (65 
versus 85 percent), but their tumors appeared at an earlier age than was 
found previously. This difference was significant (2.3 < S. E.). 


TABLE 3.—Observations on the incidence and average age of development of mammary 
cancer in strain Z(C3H) virgin females 











| With Average age (in days) 
Mice born Number cancer 

(percent) cancer | noncancer 
| ee en he ae ere 89 65 407 482 
RP Recetas One arr 33 64 402 523 
iE Reon pes peer enter eee ae 34 85 379 498 

















Data for the reciprocal AZF, hybrids are presented in table 4. A few 
of these mice were moved to Minnesota when they were not older than 5 
months of age. The hybrids descended from females of the high-cancer 
strain A showed, when they were used as breeders, approximately the same 
change in the average cancer age as did the females of the maternal stock 
for the 1944 to 1945 period, yet the incidence in the hybrids remained 
high. On the other hand, the average cancer ages were reversed for the 
ZAF, hybrids. Adequate numbers probably were not observed in some 
groups to give conclusive results and different series were not continued 
at many periods (table 4). 

When the hybrids were continued as nonbreeders, similar incidences of 
cancer and ages at which cancer appeared were observed for the AZF, 
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TABLE 4.—Observations on the incidence and average age of development of mammar¥ 
cancer in AZF, (AQ XZ) and ZAF, (ZQ9 K Ac) hybrids, tabulated according 
to the time of birth of their mothers 








| } With | Average age (in days 
Mothers born Hybrids | Number cancer | 
| (percent) | cancer | noncancer 





| | Observations for breeding females 





} 


1942-43... .. ee 49 94 | 296 | 440 
1942-43... ..| SAF;.... 42 | 98 304 264 
1944-45... ceeee) ASKy....1 36 94 352 | 376 
a —, a 27 96 246 182 
IN wis is citer d-din-sru nadie US 85 94 320 414 
_ eee: — Te 69 97 281 | 223 





Observations for virgin females 





| 


1942-43... - .+«) AB... .! 94 91 464 | 500 
1942-43... - CC 56 73 573 675 
1945.. ee eee | AZF,... 27 81 484 763 
aiid eae velane wines ale ZAF,.... 24 83 491 771 
ee eer C0 121 89 468 | 601 
ca umes sew 80 76 545 | 712 





and ZAF, females of the 1945 to 1946 period, yet in the 1942 to 1943 
groups, the AZF, virgins showed a higher incidence and an earlier average 
cancer age (table 4). 

Groups of females with cancer of strains A (table 5) and Z (table 6) 
were studied to obtain information on their breeding records and to show 
how this information might influence the data for mammary cancer. 
To obtain animals for the 1939 to 1941 and 1945 to 1947 periods, con- 
secutive animals were counted as they were recorded in the ledgers. 
These animals showed comparable average cancer ages in all the cancerous 
females of the two inbred strains maintained during the same intervals 
(tables 1 and 2). 


TABLE 5.—Average ages at the time of development of mammary cancer in breeding strain 
A females, depending upon the number of litters born 




















Females born Females whose moth- | Females whose moth- 
, (1939-1941) ers were born ers were born 
Number of (1945-1947) (1950-1951) 
litters 
Number | Average Number | Average Number | Average 
developing | cancer age | developing | cancer age | developing | cancer age 
cancer | (in days) cancer (in days) cancer (in days) 
| | 
Risa send 1 | 291 | 1 | 355 2 | 260 
- 12 267 5 399 9 243 
aes bcacoaeta 27 258 21 322 28 256 
Decavetua sed | 15 302 | 25 324 42 | 302 
ae 9 297 23 337 31 324 
|, See eer eT e I 285 21 366 6 391 
Total 65 276 96 341 | 118 295 
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TABLE 6.—Average ages at the time of development of mammary cancer in breeding strain 
Z (C3H) females, depending upon the number of litters born 




















Fr —" Females whose moth- | Females whose moth- 
1908-1 9 an) ers were born ers were born 
Number of ( ) (1945-1947) (1950-1951) 
litters 
Number | Average Number Average | Number | Average 
developing | cancer age | developing | cancer age | developing | cancer age 
cancer (in days) cancer (in days) cancer (in days) 
Di pwn daiwa 10 207 a ee 1 251 
. Se eee 29 254 6 260 12 206 
: Re Perr 45 254 26 233 70 234 
_ Siabeaeveb 31 286 38 277 «| «86 270 
7 NERA 23 342 47 321 81 325 
Total...... 138 272 117 | 279 250 | 274 
| 

















These data indicate the possible relationship between the number of 
litters born to strain A and strain Z females with mammary cancers of the 
two stocks and the time of development of mammary cancer. In general, 
the average cancer age increased in accord with the number of litters born 
to these females, or the females that developed cancer late in life gave 
birth to more litters than did those that died from the disease at earlier 
ages. However, there was considerable variation between the groups in 
the proportion of mice bearing the same number of litters—even in 
strain Z where no change was observed in the average cancer ages for 
breeders born at different times. 


Whereas Jones (23) previously reported that in strain A mice a lower 
incidence and later cancer age was found in females that were bred for 
only one or two litters, our observations indicate quite the opposite. In 
our colony, however, the females were not removed from the breeding 
pens until after they had either developed cancer or were at least one year 
of age. In the interval, they were permitted to bear as many litters as 
they would. The difference between the 25-percent incidence observed 
by Jones (23) and over 80 percent in our line must also be taken into 
consideration. 

Several explanations might be suggested to account for the data pre- 
sented in this report, the most likely being that genetic changes (muta- 
tions?) had occurred in some animals of the inbred strains that influenced 
the genesis of spontaneous mammary cancer. 

The most sensitive assay to detect possible genetic difference between 
animals of inbred strains, their sublines and hybrids, is by the trans- 
plantation of tissues, either normal or cancerous. Numerous publica- 
tions have appeared on this subject from this laboratory during recent 
years (6, 8,11). In addition to animals of the high-cancer strains A and 
Z, mice of the fostered sublines of these strains, without the MTA, have 
been available for these tests. The fostered Ax and Zb lines were separated 
from the cancerous sublines in 1934 and 1936 and are now approximately 
100 and 75 generations removed, respectively ; each line has been continued 
by brother X sister matings. No evidence has been obtained from 
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these transplantation studies that any genetic differences existed between 
these sublines of the respective stocks. Also, numerous mammary 
tumors that developed in the reciprocal (A X Z)F, hybrids have been 
transplanted into the (Ax X Zb)F, hybrids. Although these hybrids 
have been separated for over 150 generations, progressive growth of the 
tumors have been observed in all mice of this generation, as well as in 
AZF;, hybrids. 

Obviously, the change in “environment” must be considered, since 
comparisons were made between mice observed in Maine from 1939 to 
1941 and others observed in Minnesota from 1943 to 1951. 

Among the mice of strain Z (C3H), no significant variation in either the 
incidence of spontaneous mammary cancer or the average cancer age was 
found in breeding females, but when they were maintained as non- 
breeders, a difference was seen between those born during 1943 to 1946 
and 1948 in the laboratory in Minnesota. Data for virgins are not 
available for other periods. 


Although some difference was found between the data from strain A 
mice maintained the first year in Minnesota and that from those main- 
tained in Maine, greater variation was observed over the 9-year span 
from 1943 to 1951. During this time the mice were kept under relatively 
constant conditions concerning temperature, lighting, etc., and no change 
was made in the personnel handling the animals. The same type of cages 
were used in both laboratories. 


The mean incidence and cancer ages for breeding strain A females 
housed in Minnesota for the 1944 to 1947 and 1948 to 1951 groups were: 
80 and 90 percent, and 350 and 301 days, respectively. The degree of 
significance of the difference between these incidences was 3.6 X S. E. 

The colony was moved from Maine to Minnesota in December 1942, 
during the war when many foods were rationed for human consumption. 
This suggested the likelihood that substitutions had to be made in the 
animal food, and the following information was obtained from the Ralston 
Purina Company: 


“During the war we were required to decrease the animal 
products in Fox Chow and Dog Chow because it was felt that the 
animal proteins were more important and more essential for the 
feeding of food producing animals such as hogs and poultry. 
This resulted in a decrease in the animal protein factor and 
—- Biz content of the Chows which we made for dogs and 
oxes.”’ 


In view of the observations on the influence of diet (16-20) upon the 
development of mammary cancer in mice, it is reasonable to assume that 
the changes in the incidence of this disease, together with the average 
cancer ages, may have been due, at least in part, to necessary substitution 
in one or more of the components in the animal food during the war. 
While there was no suggestion that these changes altered the breeding 
behavior of the mice, as had been previously observed following a change 
in diet (24), the data indicated that the physiological effects of the hor- 


Journal of the National Cancer Institute 











MAMMARY CANCER IN MICE 365 


monal stimulation was influenced, especially that associated with the 
development of mammary cancer in virgin females (4, 8). The probable 
return to the basic formula for the diet after the war may be reflected in 
the increased incidence and earlier appearance of mammary cancer in 
breeders of one strain (A), where the virgins have a low incidence, and in 
the virgins of another strain [Z(C3H)], where both the virgins and breeders 
have a high incidence. 
Summary 


No significant variation, either in the incidence of spontaneous mam- 
mary cancer or the average cancer age, was found for breeding females of 
the high-cancer strain Z(C3H) when they were observed between 1939 
and 1942 in Maine, and since that time in Minnesota. Of the virgin 
strain Z females maintained in the laboratory in Minnesota, those born 
in 1948 had a higher incidence of mammary cancer and an earlier cancer 
age than the average for those born from 1943 to 1946. 

Following the move to Minnesota, some differences were seen in the 
occurrence of mammary cancer in breeding strain A females, compared 
with the data obtained in Maine, but greater variation was observed 
between the animals housed in Minnesota from 1943 to 1951. 

In breeding strain A females observed in Minnesota, a significant 
difference (3.6 X S. E.) was found between the incidence of mammary 
cancer of animals of the 1943 to 1947 and 1948 to 1951 series. 

At various periods, but based upon small numbers, differences were 
found among the hybrids born to females of the inbred strains Zand A. 

These observations on mammary cancer could not be explained on the 
basis of environmental factors or genetic changes within the strains. 

No changes in the breeding behavior of strain A females were obtained 
which could be correlated with the data on mammary cancer. In gen- 
eral, the average cancer ages increased with the number of litters born to 
cancerous females of strains A and Z. 

Since the changes were found in virgin females of a strain where both 
the virgins and breeders normally have high incidences of mammary 
cancer, and in another strain where only the breeders develop the disease, 
the observations suggested that some alteration in the physiological 
effects of the hormonal patterns might have been involved, which was 
not adequate to effect the breeding behavior of the animals. 

The data could be explained as the result of either changes and/or 
substitutions in the commercial diet made necessary because of rationing 
during the war. 

The return to the normal basic diet after the war resulted in a higher 
incidence of mammary cancer and an earlier average cancer age in breeders 
of strain A and virgins of strain Z. 
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Effect of Defective Ring Gland on Inci- 
dence of Tumors in Drosophila" * 


Watter J. Burperte,’ Ph. D., M. D., Department 
of Surgery, Louisiana State University School of 
Medicine, New Orleans, La. 


One of the unique characteristics of melanotic tumors in Drosophila 
is that of regression. Even benign tumors in vertebrates do not, as a 
rule, exhibit this property. Therefore, a number of experiments have 
been performed in our laboratory to investigate the cause for this behavior 
of the growths in Drosophila. A reasonable approach would seem to be 
an examination of the humoral mechanisms associated with metamorpho- 
sis, since larval tumor cells may be equally susceptible to hormones 
bringing about the destruction of larval tissues and the growth and 
differentiation of imaginal discs. If this were found to be true, then 
possibly inhibition of tumors in other species could be brought about by 
extracts containing appropriate dipteran hormone, since hormones 
from invertebrates active in vertebrates are not unknown (1). In any 
case, the influence of hormones on the appearance of atypical aggregates 
of cells in Drosophila has certain intrinsic interest. 


Methods 


The second chromosome bearing the gene 1(2)gl, which causes a defect 
in the ring gland and thus prevents normal metamorphosis (2-6), was 
introduced into two tumor strains by the scheme of crosses illustrated 
in text-figure 1. It was necessary to choose strains with genes for tumor 
susceptibility on the first, third, or fourth chromosomes in order to obtain 
a stock with both /(2)gl and tumor genes. The tu”? and se e" tu stocks 
were chosen because a gene for tumor susceptibility is located on the third 
chromosome in each strain. Ordinarily melanotic masses appear on the 
palps of the tu”?* strain, but, when outcrossed, abdominal tumors are 
found. All but three tumors found in these experiments with 1(2)gl were 
in the abdomen. After obtaining stocks in the F; generation, each tumor 
strain was maintained by selecting Pm or Cy flies, depending on which 
marker was used. The 1(2)gl stock was, of course, a balanced stock and 
was maintained by selecting heterozygous, 1 (2)gl flies with tumors. 


1 Received for publication May 17, 1954. 
? Aided by a grant from the National Cancer Institute, U. S. Department of Health, Education, and Welfare. 
3 The technical assistance of Miss George Ann Smith is gratefully acknowledged. 
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MATINGS FOR OBTAINING PARENTAL STOCKS 


























largl . Pm H Pm 4H . (tu) tu 
Cy | Cy Sb Cy Sb hes tu 
ting! Sb (t H t Lal 
F: ng . u) . (tu) 
Cy | Pm tu Pm tu 
lang! 
Fe ng! Sb . lagi Sb 
m tu | Pm tu 
7 ling! tu (tu) tu 
n = == 
Pm tu Pm tu 


TEXT-FIGURE 1.—The chromosomes marked with Plum (Pm), Curly (Cy), Hazriess 
(H), and Stubble (Sb) not only can be followed because their respective dominant 
effects on eyes, wings, and bristles are visible but also because each suppresses 
crossing over. The symbol 1(2)gl represents a recessive gene on the second chromo- 
some which causes a defect in the ring gland and stops development due to hormonal 
deficiency inthelarval stage. Recessive tumor genes on the third chromosome are 
represented by the symbol, tu, and second chromosomes from tumor strains by the 
symbol, (tu). 


Comparison of individuals in a tumor strain, with and without defective 
ring glands, was accomplished by first making the crosses shown in text- 
figure 2. Tumor counts in F, siblings were then compared. Since 
(tw)/1(2)gl flies may be distinguished from heterozygous Pm or Cy individ- 
uals, it is possible to rule out any effect of dominant, susceptibility genes 
affecting tumor incidence on the second chromosomes with Cy, the Pm 
complex, or (tu). [The symbol, (tu), is used to denote the second chromo- 
some derived from the original tumor strain.] It is important to use 
matings as shown in the F, (text-fig. 2) rather than the reciprocal cross, in 
order to suppress crossing over. 

The F, matings were made with flies 3 days old, using 25 males and 
25 females per bottle. The bottles contained 50 ml. of stock-culture 


MATINGS FOR COMPARISON OF TUMOR STOCKS 
WITH AND WITHOUT DEFECTIVE RING GLAND 

















p ling! tu . (tu) tu 
. Pm tu 4 Pm tu 
Fi ling! tu ox kag! tu z 
(tu) tu | Pm tu 
kag! tu lag! tu (tu) tu (tu) tu 
Fe lag! tu Pm tu Pm tu lang! tu 











Giant LaARvat 


TEXT-FIGURE 2.—After stocks had been obtained with the genotypes in the last line of 
text-figure 1, they were used in the crosses shown here to obtain four classes in the 
F;, three of which can be distinguished phenotypically. Larvae were isolated when 
6 days old, tumor incidence was determined, and comparison made between giant 
larvae with defective ring glands and their adult siblings. Either Pm or Cy can be 
used equally effectively as markers. The crosses utilizing Pm are shown and were 
used in experiments with the tu» strain, but Cy was used in experiments with the 
tu#* stock. 
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medium with a heavy growth of yeast on the surface. Matings were made 
at 8:30 a. m., and the flies were removed at 4:30 p.m. When 6 days of age, 
larvae were transferred to 1.2 X 7.5 cm. tubes containing 1.5 ml. of stock 
medium with live yeast on the surface. Only one larva was placed in 
each vial, which made it possible to observe each individual daily for the 
appearance of a tumor. 

Results 


The results of experiments in which the matings illustrated in text- 
figure 2 were used may be seen in tables 1 to 16. By the 18th day of the 
experiment, of the 1,578 homozygous, tu”?*, 1(2)gl/1(2)gl individuals, 525 
were larvae of which 258, or 16.3 percent of the total, had tumors, and 
1,053 were pseudopupae of which 100, or 6.3 percent of the total, had 
tumors (table 1). Of the 425 homozygous, tu”, 1 (2)gl/1(2)gl individuals, 
24 were larvae of which 15, or 3.5 percent of the total, had tumors and 401 
were pseudopupae of which 10, or 2.3 percent of the total, had tumors 
(table 2). Examination of the results for the adult siblings of giant 
larvae for both strains (tables 3 and 4) shows that there was no significant 
difference between the incidence of tumors in the heterozygous Pm group 
and the 1(2)gl/(tu) group in either tu””*(P=0.11) or tu” (P=0.15) stocks. 
Incidence of tumors in adult males in comparison to that in adult females 
is 10.3 percent of 1,102 males and 7.7 percent of 1,004 females in the 
tu”®* strain, a significant difference (P<.0.01) (table 5). There is no 
significant difference (P=0.11) when such a comparison is made in the 
tu strain (table 6). 


TARLE 1.—Incidence of tumors in giant, tu¥>* larvae 











Larvae Pseudopupae 

Expt. No. Tumor-| Num- | Tumors] Tumor-| Num- | Tumors 

bearing ber | (percent) | bearing ber | (percent) 
EE ee ET 74 | $381 | 22.4 14 331 | 42 
Back cxmassiiew nate eee aaes 40 274 | 146 22 274 | 8.0 
IRON Ey. 80 | 585 | 13.7 38 | 585 6.5 
Mdhaes sae ancedeeeres | 64 | 388 16. 5 26 388 Se 
. Ren eee | 258 | 1578 | 16.3 | 100 1578 6.3 

| | 





TABLE 2.—Incidence of tumors in giant, tu*®» larvae 











Larvae Pseudopupae 

Expt. No. | Turnor- | Num- | Tumors | Tumor-| Num- | Tumors 

bearing ber | (percent)| bearing | ber (percent) 
ET PCT eee 4 141 2.8 1 141 0. 7 
eo sae iy Gar viet ena i< etre ad 6 98 as | 2 98 2. 0 
_ ren meee 3 67 | 44 3 | 67 4.4 
Migs chspdacdeicem ieee scasterd 2 | 119 | a | 4 | 119 3. 4 

| | 

Total 15 | 425 3.5 | 10 | 425 2.3 
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TaBLE 3.—Incidence of tumors in adult siblings of giant, tu¥>* larvae 
































Heterozygous Pm 1(2)gl/tu 

Expt. No. Tumor-| Popu- | Tumors] Tumor-| Popu- | Tumors 

bearing | lation | (percent)| bearing | lation | (percent) 
Raha iii inde mwas @ weber aaeene 30 197 15. 3 12 80 15. 0 
TU ee ea hee aa eaiaee 23 407 5.7 20 236 8.5 
RR eee cree ery meme 28 394 _ 18 144 12. 5 
Oe ni sila hd enna 37 424 8.7 22 234 9. 4 
vice rewawnen 118 1, 422 8.3 72 694 10. 4 

*P=0.11. 


TaBLe 4.—Incidence of tumors in adult siblings of giant, tu‘*» larvae 




























































































Heterozygous Cy 1(2)gl/tu 
Expt. No. Tumor-| Popu- | Tumors} Tumor-| Popu- | Tumors 
bearing | lation | (percent)| bearing | lation | (percent) 
Dink hate dee teeeanw esas 2 707 0.3 4 283 1.4 
IE sists, wha aia raha ase Sistine oreraetn’e 5 690 0.7 3 278 Lg 
ET en ee 0 682 0.0 1 297 0.3 
Dd ciwiesnereardarwwememacnntts 2 664 0.3 0 277 0.0 
I eae waka seen 9 2, 743 0.3 8 1, 135 0.7 
*P=0.15. 
TaBLeE 5.—Comparison of tumor incidence in tu*>* males and females t 
| Males Females 
Expt. No. Tumor-| Popu- | Tumors} Tumor-}| Popu- | Tumors 
bearing | lation | (percent)| bearing | lation | (percent) 
et casusemagenieaiesl | 23 153 | 15.0 19 | 124 | 15.3 
| eer eS | 18 305 5.9 25 338 7.4 ) 
SS es per | 29 306 9.5 17 232 7.3 
Diacétesien dst aieimaaukinaew kommen | 43 338 12.7 16 320 5. 0 
I aias kleine | 113 1, 102 10. 3 77 1, 004 : ey 
| 
*P<0.01. 
} 
TABLE 6.—Comparison of tumor incidence in tu males and females 
Males Females 
Expt. No. Tumor-| Popu- | Tumors} Tumor-| Popu- | Tumors 
bearing | lation | (percent)| bearing | lation | (percent) 
Dh citainscateedeobeiniain | 1 | 432 | 02 1 509 | 0.2 
Dh cinsieneneansekinee 1 | 464 0.2 0 515 | 0.0 
EE IE OO eee ere 5 | 468 a4 3 500 0. 6 
eh a ecachimniktt ew aod keels 2 | 453 0. 4 4 537 0.7 
I 9 | 1, 817 0.5 8 (2,061 | 04 
*P=0.11 | 
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The incidences of tumors in all giant larvae (including pseudopupae) 
compared to those in all adult siblings is given in tables 7 and 8. In 
the tu” strain 22.7 percent of the giant larvae were tumor-bearing, and 
in the siblings only 9 percent had tumors, a significant difference (P<0.01). 
In the tu strain also there were more tumors in giant larvae than in 
their adult siblings (P<0.01). In both series it will be noted that 


TABLE 7.—Effect of defective ring gland on incidence of tumors in tu¥>® strain 











Homozygous 1(2)gl Adult siblings 
, Num- y 
Expt. No. Tumor- Tumor-| Num- 
bear hsrvac +-|(percent)| bear | ber of | (pereonn 

ing pupae ing adults 
Bi kk nico Wik eR ees 88 331 26. 6 42 277 15. 2 
Deets arose ewes ae ues 62 274 22. 6 43 643 6.7 
i diate ies te bed whaligraen ea neers 118 585 20. 2 46 538 8. 6 
eines Scones ee tau ues 90 388 23. 2 59 658 9. 0 
SN ose eines 358 1, 578 22. 7 190 2, 116 9.0 























*P<0.01. 


TABLE 8.—Effect of defective ring gland on incidence of tumors in tu‘ strain 









































Homozygous 1(2)gl Adult siblings 
+ Num- « 
Expt. No. Tumor- Tumor-| Num- 
bear | gbero, | Tumors| “bear | ber of | Tumors 
ing pupae ing adults 
Dis citi comnneiratintaatestaateard 5 141 3. 5 6 990 0. 6 
RR re mn 8 98 8. 2 8 968 0.8 
Be convinces cdeen eee nied 6 67 8.9 1 979 0.1 
Mc cckiaelenwas aun meee 6 119 5.0 2 941 0. 2 
NE vince x ohicsktaoe 25 425 5. 9 17 3, 878 0. 4 
*P<0.01. 
TaBLeE 9.—Daily incidence of tumors in giant tu¥* larvae 
Larvae Pseudopupae | Total 
Age . 
(in days) | Tumor-| Popu- Tumors Tumor-| Popu- Tumors Tumor-| Popu- Tumors 
bearing} lation (per- bearing) lation (per- bearing) lation (per- 
& cent) g cent) " cent) 
rer | 52 1, 488 3. 5 9 90 | 10.0 61 1, 578 3.9 
ae 127 1,144] 11.1 44 312 | 14.1 171 1,456 | 11.7 
106 722 | 14.7 171 856 | 20.0 277 1,578 | 17.6 
ee 41 276 | 14.9 165 591 | 27.9 206 867 | 23.8 
) ee 22 256 8. 6 134 649 | 20.7 156 905 | 17.2 
_ eer 37 359 | 10.3 236 1,018 | 23.2 273 1,377 | 19.8 
. es 46 390 |} 11.8 287 1,188 | 24.2 333 1,578 | 21.1 
| ee 52 368 | 14.1 288 1,210 | 23.8 340 1,578 | 21.6 
eee 52 353 | 14.7 292 1,225 | 23.8 344 1,578 | 21.8 
eae 53 342 | 15.5 294 1, 236 | 23.8 347 1,578 | 22.0 
- ae 33 193 | 17.1 198 694 | 28.5 231 887 | 26.0 
ee 30 137 | 21.9 97 554 | 17.5 127 691 | 18.4 
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more tumors occurred in giant larvae in each individual experiment as 
well as in the total. The tumor incidence, based on daily tabulation, 
appears in tables 9 to 12. Considering the data as a whole, there is no 
convincing evidence that the number of tumors increases steadily as a 
function of time. 


Tas_Le 10.—Daily incidence of tumors in giant, tu‘ larvae 


















































Larvae Pseudopupae Total 
Age 3 | | | | rr : 
(in days) 'Tumor-| Popu- — Tumor-| Popu- ery Tumor-,| Popu- — 
bearing lation | cent) | bearing) lation | aa | bearing} lation ba 
Rocca & 133 | 68 7 | 292 | 24 | 16 | 425 | 3.7 
a eee 6 | 53 11.3 13 372 35 | 19 | 425 | 45 
Bs Gases 9 | 31 | 29.0 14 394 3.5 23 | 425 | 5.4 
Se 3 14 21.4 6 252 2. 4 9 266 | 3.4 
Den dane’ 8 17 47.1 13 303 4.3 21 320 | 66 
. So 3 9 33. 3 15 255 5. 9 18 264 | 68 
| re 7 16 43. 7 18 409 4.4 25 425 5. 9 
. See 7 16 43. 7 18 409 4. 4 25 425 5. 9 
<a 7 16 43. 7 18 409 4.4 | 25 425 5. 9 
. SS 7 16 43. 7 18 409 4.4 25 425 | 5.9 
Diels sna 4 9 44. 4 7 257 2.7 11 266 | 4.1 
ee 3 7 42.8 11 152 7.2 14 159 | 8.8 
TARLE 11.—Daily incidence of tumors in siblings of giant, tu¥>* larvae 
Larvae | Pupae Imagoes 
Age .| | e 3 
(in days) |Tumor-| Popu- — Tumor-| Popu- pny Tumor-| Popu- — 
bearing, lation cent) | bearing) lation cont) bearing lation | cent) 
: ee 51 1, 116 4. 6 11 | 1,000 1. 1 | 
Diaveaime 84 563 | 14.9 68 1, 394 4.9 
Be acess 56 195 | 28.7 | 160 | 1,921] 83 | 
ee 2 7 | 28.6 140 1, 418 9.9 
Diss atic 7 115 994 | 11.6 | 152 | 
171 883 | 19.4 18 | 767) 2.3 
=r 130 580 | 22.4 87 | 1,536 | 5.7 
. _= 44 162 | 27.2 156 | 1, 954 8. 0 
_—_— 8 15 | 53.3 187 | 2,101 8.9 
ere ] 4] 25.0 188 2,112; 8&9 
| AP 123 1,425 | 86 
67 691 | 9.7 























Data for the stage at which tumors appeared are tabulated in tables 
13 and 14. When all new tumors in larvae, pupae, and adults are added, 
136 flies (11.4%) with tumors among 1,196 tu” siblings of giant larvae 
were found, as compared to 208 (21.4%) among 973 tu”®*, giant larvae. 
Even when 31 tumors seen in earlier stages and not found in the imagoes 
are included, there is a significant difference between the number of tumors 
in giant larvae and in siblings. The same is true for the tu strain. 
When 10 individuals with tumors seen in the larval and pupal stage and 
not seen in the imaginal stage are added to the total number, the difference 
in tumor incidence is still significantly greater in lethal giant larvae than 
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TaBLeE 12.—Daily incidence of tumors in siblings of giant, tu‘®» larvae 
Larvae Pupae Imagoes 
Age - - | 
(in days) Tumor-| Popu- "Ger Tumor- Popu- — Tumor-| Popu- — 
bearing) lation cent) bearing lation | cent) jbearing; lation cent) 
AES 2 | 612 | 03| 9 |3,266| 03 
dees 1 59 17} 11 |3819| 08 
eg bale 1 | 1 | 1000} 11 | 3,877) 03 
ae 0 | 0 |; 60); 10 | 2, 629 0. 4 
eR 1 | 1 100. 0 | 7 2, 450 | 0.3 1 48 2.1 
ee 0 | o | oo| 4 |1,157] 03] 9 |1,471| 06 
| | | 4 606 0.7 16 3,272 | 0.5 
| aS 1 43 | 2.3 17 3,835 | 0.4 
eee 1 2| 50.0 17 3,876 | 0.4 
. re 1 1 100. 0 17 3,877 | 0.4 
) | 12 2,629 | 0.4 
___ anes 5 1,249 | 0.4 











TABLE 13.—Stage of development at which tumors were first observed in tu¥* strain 




















Homozygous 1(2)gl Siblings 
Stage Tumor- | Popula- | Tumors | Tumor- |} Popula- | Tumors 
bearing tion (percent) | bearing | tion (percent) 
_ | 
OE EP Ee eee ee 144 | 973 14. 7 72* 1, 196 6.0 
SU ease oc base ere 9 8m ae Sa 64 | 973 6. 6 45T 1, 196 3.8 
EEE Ee! Shenae re besinwe ees Parente nat 19 1, 196 1.6 
| 
eee 973 | 21.4 136 1, 196 11.4 














*19 negative as adults. 
t12 negative as adults. 
tP<0.01. 


TaBLeE 14.—Stage of development at which tumors were first observed in tu‘ strain 























Homozygous 1(2)gl Siblings 
Stage | Tumor- | Popula- | Tumors | Tumor- Popula- | Tumors 
bearing tion (percent) | bearing tion (percent) 
eee 15 | 425 | 3.5 3x | 3,878 | 0.07 
nck sak an aesiec wesc 10 | 425 | 24 9t | 3,878 | 02 
NS 2 aotgh ow ors bp: dim a oe aes Sis Te De ee ee ee 15 | 3,878 | 04 
: | See 25 | 425 5.9 27 ~=—|:3, 878 0. 7 








*3 negative as adults. 
t7 negative as adults. 
tP<0.01. 


in siblings. 


Twenty-five giant larvae had tumors among 425 examined, 


whereas there were only 27 tumor-bearing siblings in a total 3,878 in the 


tu*” strain. 


Multiple tumors found in a comparable series of giant larvae and siblings 


are tabulated in tables 


counted as a separate tumor. 
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15 and 16. 


Each discrete mass of pigment was 
In the tu””* strain there were 133 (37.3%) 
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among 356 giant larvae with two or more tumors and 72 (32.2%) among 
223 adult siblings with two or more tumors. A comparison of percentages 
of multiple tumors is shown in text-figure 3 and does not show an appreci- 
able difference in the number of tumors per individual in the two groups. 
However, there is a suggestion of a difference in the tu strain in which 
9 among 25 giant larvae had multiple tumors and none among 12 siblings 
had more than one tumor. 


INCIDENCE OF MULTIPLE TUMORS IN LARVAE AND PUPAE 
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TExT-FIGURE 3.—Incidence of multiple tumors in larvae and pupae. 


TaBLeE 15.—Incidence of multiple tumors in tu** strain 
































| Number of tumors 

Total 

Pi. 2 3 | 4 
Giant larvae................2..0+- | 293 68 28 37 | 356 
I iin. indie Dec ROM e a | 151 42 14 16 | 223 

TaBLE 16.—Incidence of multiple tumors in tu‘ strain 
| Number of tumors | 
Total 

| 4 2 3 4+ | 
Se ee | 16 4 2 3 25 
A. wigt: cov parcns gl vas enld eters | Be Besaakcwesencnabeehienms 12 
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TUMORS IN DROSOPHILA 375 


Alteration in hormone output could be of secondary, temporal nature 
due simply to prolongation of the larval period. Since the larval stage 
can be lengthened by lowering the temperature, the influence of tempera- 
ture on tu””* and tu” stocks was studied. Eclosion began in these two 
stocks at 9 days at 25° C., 15 days at 20° C., and more than 40 days at 
15° C. when they were raised in an incubator. Very few survived at 
30° C., but adults were found on the ninth and eleventh days in two cul- 
tures. Examination of tumor incidence (table 17) at these temperatures 
fails to show a consistent increase in the proportion with tumors when the 
environmental temperature was decreased. (The higher incidence for 
the tu strain in table 17, compared with the remaining data for this 
strain, is due to another recessive tumor gene on the second chromosome 
which either is heterozygous or is not present in the F, classes shown in 
text-figure 2.) 


Discussion 


Bridges’ (2, 3) mutant, 1(2)gl, causes development to progress no further 
than the formation of giant, bloated larvae and pseudopupae because 
large, lateral cells of the ring gland fail to develop normally in third instar 
larvae (4, 6). These cells correspond to corpus cardiacum (7) and are 
probably deficient in the hormone promoting the growth and differentiation 
which normally results in metamorphosis. Central, smaller cells secrete 
inhibitory, juvenile hormone (8) and probably correspond to corpus 


TABLE 17.—Effect of temperature on tumor incidence 
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allatum in certain other insects. Also Bodenstein (9) has emphasized 
the changing competence of the tissues to respond to hormone from the 
cells of Weismann’s ring. Giant larvae obtained in the tumor strains 
undoubtedly had the abnormal ring glands described and were deficient 
in the amount of hormone secreted. 


Vol. 15, No. 2, October 1954 








376 BURDETTE 


Comparison of tumor incidence in giant larvae and siblings reveals that 
the former have a significantly higher proportion of tumors than the 
latter (tables 7 and 8). It seems permissible to include all siblings in one 
group in the comparison, since no difference was found between detect- 
able classes (tables 3 and 4). As tumor incidence in the heterozygous 
Pm or Cy groups did not differ from that in /(2)gl/(tu) flies, it is unlikely 
that genic suppressors on the Pm, Cy, or (tu) chromosomes are causing 
a lower incidence of tumors in the imagoes. Development of tumors 
more frequently in giant larvae than in adult siblings is more likely due 
to the effect of 1(2)gl gene on the ring gland with resulting deficiency in 
hormone production. The regression of tumors in Drosophila may there- 
fore be due either primarily or secondarily to the same hormonal mecha- 
nism responsible for histolysis of other larval tissues. However, increase 
in tumor incidence may not necessarily be accounted for simply by 
lengthening the larval period, since daily counts of tumors (tables 9 and 
10) indicate that the incidence of tumors in giant larvae and pseudo- 
pupae does not continue to increase with the lapse of time, and lengthening 
the larval period by lowering the temperature is not correlated with 
increased incidence of tumors (table 17). 


Summary 


The 1(2)gl gene causes abnormal development of the ring gland in 
Drosophila. This results in a deficiency of hormone, promoting growth 
and differentiation, and development progresses no further than giant 
larvae or pseudopupae. This gene was introduced into both tu”?* and 
tu" tumor strains, and in each stock the tumor incidence in giant larvae 
was found to be greater than in adult siblings with normal ring glands. 
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A Quantitative Interpretation of the 
Distribution of Induced Pulmonary 
Tumors in Mice’? 


Mitton J. Poutssar® and Micnaet B. SHimx1n,‘ 
Laboratory of Experimental Oncology, National 
Cancer Institute,’ and Cancer Research Institute, 
University of California School of Medicine, San 
Francisco, Calif. 


The pulmonary tissue of mice, particularly of such inbred susceptible 
strains as strain A, appears from many standpoints to be a convenient 
and useful medium for the study of the carcinogenic reaction (1). The 
response is relatively rapid and may be obtained at a site distant to the 
site of introduction of the carcinogen; the response shows strong corre- 
lation with the dose or with the intensity of the stimulus. 

The introduction of the quantitative measure of the number of tumors 
per lung, as a function of the dose and of the time following application 
of the carcinogen (2) yields additional information, in the form of mean 
number of tumors per animal and of the detailed distribution of tumors 
among animals in a given experimental group. The mean number of 
tumors per animal and the variation within a group have been used 
(3, 4) to evaluate the statistical significance of the observed differences 
in the mean numbers, following a change in the experimental conditions. 

Examination of observed means and variances for statistical signifi- 
cances of differences is only the first step toward the desired goals, namely, 
the formulation and quantitative testing of hypotheses regarding the 
mode of action and reaction in the carcinogenic process and the design 
of new experiments which will contribute to the clarification of the 
problem of carcinogenesis. 

One of the uses of analysis of variance is to determine the type of 
statistics applicable to the problem under investigation; this choice may 
in turn lead to formulations of biological interest. The objects of the 
present report are, therefore, threefold: 1) to determine the type of 
statistics applicable to data on the distribution of pulmonary tumors in 
mice; 2) to present some tentative conclusions of biological interest 
obtained as a result of the mathematical analysis; and 3) to suggest 
further biological investigations which may be helpful in the clarification 
of areas in which the data are inadequate or lacking. 

1 Received for publication May 3, 1954. 
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3 Present address: Department of Chemistry, City College of San Francisco, San Francisco, Calif. 


4 Present address; National Cancer Institute, National Institutes of Health, Bethesda 14, Md. 
5 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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Observed Distribution of Pulmonary Tumors 
Tentative Choice of Distribution Function 


Mice of the inbred strain A show a high frequency of primary adenoma- 
tous pulmonary tumors. Tumors are occasionally encountered in animals 
as young as 3 or 4 months, and the frequency rises toward 90 percent of 
the population at the age of 18 to 24 months. The spontaneous tumors 
are usually single nodules; older animals may show multiple tumors, but 
usually no more than three or four per animal. 

When mice of strain A are injected with proper doses of carcinogenic 
chemicals, such as 20-methylcholanthrene or ethyl carbamate (urethan), 
multiple pulmonary tumors appear within a few weeks. More than 100 
separate, discrete nodules may be counted on the surface of the lungs of 
individual animals. 

It may appear, therefore, that the occurrence of tumors in a highly 
susceptible strain of mice may be classified as a frequent event. On the 
other hand, if consideration is given to the fact that the lung represents 
a community of cells counting in the tens of millions, the occurrence of 
even as many as 100 discrete tumor nodules in the total population of 
cells could well be represented as a rare event. 

In the absence of evidence to the contrary, it appeared to be useful to 
test the tentative hypothesis that the formation of a nodule is a random 
event, independent of whether similar events (i.e. the successful formation 
of a nodule) take place in the same lung. These points of view, namely of 
the rarity of the successful event and of its stochastic nature suggest the 
advisability of testing the applicability of the Poisson distribution. 

The following symbols will be used for the experimental quantities and 
for the statistics derived therefrom: 

n, the number of animals in the experimental group; 

n,, the number of animals possessing 7 tumors; 

m, the mean number of tumors per animal; 

F (m, j), the fraction of animals possessing 7 tumors, when the mean 
number of tumors is m; 

S.D., the standard deviation from the mean. 

If the distribution of pulmonary tumors is indeed of the Poisson type, 
then the following equations must be satisfied by a large population: 


F(m,j) = e~™m!/j! [1a] 
ny = nF(m,j) [1b] 
Variance = m [1c] 
S.D. = m* [1d] 


The vagaries of small-sample variation will bring about discrepancies. 
However, the significance of these discrepancies may be tested with the 
use of the index of dispersion (J.D.), defined by equation [le]: 


ID. = 2— my [le] 
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DISTRIBUTION OF INDUCED PULMONARY TUMORS 379 
The Standard Deviation Test 


In their series of experiments Shimkin and McClelland (3) subjected 
17 groups of mice to various experimental conditions. The present dis- 
cussion deals with the answer to the following question: If in a given 
experiment the experimental group develops an average of m tumors per 
animal, does the distribution of tumors obey Poisson’s equation? For 
this reason one need not be concerned with the experimental details. 

The insert in text-figure 1 offers a graphical summary of the relation 
between the values of m and of the S.D. observed by Shimkin and 
McClelland. The straight line is the locus of the points obeying the 
equation: S.D. = m*%. It is clear that for low values of m the experi- 
mental points fall close to this line. As the value of m increases, the 
experimental points digress from the theoretical line. The points appear 
to cluster about the curve shown in the diagram, whose equation is given by 
[2]. Thereason for the choice of this particular equation will be given later. 


S.D. = (m + 0.515?m?)4 [2] 


After the trend was observed in the data of Shimkin and McClelland, 
it became of interest to learn whether other published data on multiple 
pulmonary tumors showed a similar trend. In particular, it was desirable 
to learn whether the trend, if present, depended upon the kind of carcino- 
gen used, upon the method of administration of the carcinogen, or upon 
the length of time between the administration of the carcinogen and the 
termination of the experiment. 

Text-figure 1 contains a plot of the data obtained from the following 
sources. With each source a brief description is given of the nature of the 
experiment. 

1) Shimkin and McClelland (3)—0.0625 to 1.0 mg. 20-methylcholan- 
threne per mouse injected intravenously; 8 to 18 weeks; approximately 30 
animals in each group. 

2) Shimkin (2), tables 4, 5, 6—0.25 to 1.0 mg. methylcholanthrene, 
3,4-benzpyrene, or 1,2,5,6-dibenzanthracene; intravenous or subcuta- 
neous injections; lard solutions or colloidal suspensions; 3 to 13 weeks; 
approximately 10 animals per group. 

3) Heston and Schneiderman (4)—0.1 to 0.5 mg. dibenzanthracene in- 
jected intravenously; 6 months; approximately 50 animals per group. 

4) Rogers (5), Charts 1A, 2A, 5A, 6A, 7—0.25 to 1.0 mg. urethan per 
gram body weight injected intraperitoneally; young or adult mice; 7 to 19 
weeks; approximately 20 animals per group. Spontaneous tumors with 
or without 0.004 mg. colchicine; 6 months; approximately 40 animals per 
group. 

5) Henshaw and Meyer, 1944, 1945 (6, 7)—1.0 mg. urethan per gram 
body weight, intraperitoneal injections and subcutaneous injections; 4.5 
to 7 months; approximately 20 animals per group. 

All investigators, except Rogers, used strain A mice. Rogers used the 
Swiss strain. All recorded the number of tumors visible on the surface of 
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380 POLISSAR AND SHIMKIN 


the lungs. In the latter regard, Shimkin (2) and Henshaw and Meyer (6) 
determined the number of tumors visible to the unaided eye after fixation 
of the lungs, whereas Heston and Schneiderman determined the number 
under a dissecting microscope. 

As may be seen in text-figure 1, the experimental points show the gen- 
eral tendency of approaching the theoretical Poisson line at low values of 
m and of digressing progressively from this line as the value of m increases. 
They also appear to cluster about the curve which is identical with that 
shown in the insert. It is desirable to raise at this time the following 
question: Is the approach of the points to the theoretical line for low values 
of m brought about by a mathematical artefact caused by the quantal 
nature of the quantity measured? A numerical example will illustrate 
the need for this caution. 
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TEXT-FIGURE 1.—Relation between the standard deviation and the mean number of 
tumors. Jnsert: Experimental values of Shimkin and McClelland (3). The points 
approach the theoretical Poisson line for small values of m. The points cluster 
about the solid curve whose equation is shown in the insert. The two dashed 
curves indicate the 5 percent significance values for deviations from the equation. 
Main figure: Experimental values obtained in five series of experiments. The 
points approach the Poisson line at low values-of m. At high values of m they 
appear to approach the solid line of unit slope. Labeled points A to G and Q to T 
deviate significantly from the equation represented by the solid curve. 


Consider the point represented by the first open circle on the extreme 
left of text-figure 1. For this point n = 9,m = 1/9 = 0.111. There is 
only one way in which the value m = 1/9 may be obtained with a group of 
nine mice, namely, when one animal shows a single tumor. For this 
value the observed S.D. is 0.333; the theoretica] value is also 0.333. Thus 
with n = 9, it is impossible to obtain the value m = 0.111 and at the same 
time a value of the S.D. which differs from the theoretical. It follows that 
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this particular point yields no information on the applicability of Poisson’s 
equation. 

As the value of either m or of n increases, the number of physically 
possible results increases rapidly, and the experiment yields significant 
information on the applicability of Poisson’s equation. In general, for 
given values of n and m, the S.D. possesses its maximum value when all 
the tumors are found in the same animal. Thus the maximum value of 
the S.D. is given by the following equation: 


a 4 
Maximum S.D. =| ~" —™™ |" = nm [3] 
n~— 1 


In text-figure 1 the dashed lines show the maximum possible values 
for n = 10 and n = 30. It should be clear that, with the exception of 
the first two points, all the other points yield information which is physi- 
cally significant. 

Text-figure 1 shows clearly that for large values of m Poisson’s equation: 
S.D. = m* is not satisfied, whereas it is fairly well satisfied for small 
values of m. However, this equation is only a necessary but not a suffi- 
cient condition that the distribution of tumors is of the Poisson type. 
The following questions suggest themselves: 1) Is the distribution of j 
at low values of m indeed of the Poisson type? 2) Is the excess variance 
at higher values of m statistically significant, and, if so, what is the sig- 
nificance level of the observed deviations? 3) If the deviations of higher 
values of m are significant, do the deviations appear at the left tail of the 
distribution curve, at the right tail, or at both ends? These questions 
are taken up in the sections which follow. 


Examination of the Detailed Distribution of j 


Given n and m, the theoretical distribution of 7 may be calculated with 
the use of equations [la] and [1b]. In text-figures 2 and 3 the calculated 
values are compared with the experimental values of 17 groups, as pub- 
lished by Shimkin and McClelland. The diagrams are arranged in the 
order of increasing values of m. Low values of m, ranging from 0.1 to 
5.55 are shown in text-figure 2; the higher values, ranging from 13.55 to 
40.48 are shown in text-figure 3. 

In each case the histogram gives the theoretical values of the number of 
animals; the circles give the observed values. In order to emphasize the 
quantized nature of the quantity 7, some of the physically possible, namely 
the integral values of 7, are indicated by fine horizontal lines. Since the 
ordinary histogram, in which the ordinates are plotted on an arithmetical 
scale, is not sensitive enough to disclose large discrepancies in the dis- 
tribution of the extreme values of 7, the ordinates in these figures are 
plotted on a logarithmic scale. 

Text-figures 2 and 3 show directly the number of animals used in each 
experiment, the observed value of m, and the observed value of the S.D. 
In addition, the detailed distribution of 7 may be read from the histograms. 
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‘TEXT-FIGURE 2.—Detailed distribution of tumors observed by Shimkin and McClelland 
(3) for values of m ranging from 0.10 to 5.55. Histograms: theoretical Poisson 
distribution for the experimental values of m and n. Points: observed values. 
Thin horizontal lines indicate some of the physically possible, integral values of n,. 
Agreement with the theoretical values is fairly good in the top row, where the 
values of m are small. The agreement deteriorates in the lower row, where the 
values of m range from 2.03 to 5.55. 


In text-figure 2, in the first four histograms, the distribution of every 
value of j is shown. In the last eight histograms the population is sub- 
divided into classes containing 2 values of j each. In text-figure 3 the 
various histograms contain different numbers of j per class. The choice 
of the number of j7’s per class is somewhat arbitrary. Since agreement 
with a given theory may be emphasized by choosing large classes, whereas 
disagreement may be emphasized by choosing small classes, an attempt 
to achieve both uniformity of treatment and objectivity was made by 
applying the following criterion: In each case the number of j’s to be 
included in a single class was taken as the nearest integer which was 
smaller than the theoretical value of the S.D. 

Inspection of text-figure 2 shows that, on the whole, the agreement 
between the calculated and observed values is fairly satisfactory. Agree- 
ment with theory is, generally, better and more numerous in the upper row, 
where the values of m are smaller. A proper test of significance will indi- 
cate which of the discrepancies, if any, are statistically significant, and 
this will be taken up in a later section. 

The last histogram in the upper row of text-figure 2 may serve as an 
illustration of a practical use of the generalization developed in this paper. 
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TEXT-FIGURE 3.— Detailed distribution of tumors observed by Shimkin and McClelland 
(3) for values of m ranging from 13.55 to 40.48. Breaks in the histograms indicate 
theoretical values of n; which are too small to be shown with the scale used. Num- 
bers placed along the vertical arrows give the ratio between the observed value and 
the theoretical Poisson value. The distribution is fairly symmetrical, indicating 
that large deviations from the Poisson distribution occur both at the low and at 
the high extreme values of j. 


As may be seen, in this experiment the experimentally observed distri- 
bution is in excellent agreement with the theoretical distribution. Yet, 
the published value of the S.D. for this experiment is 1.66, whereas the 
theoretical value is 1.27% = 1.13. The discrepancy appeared to be entirely 
too large. A re-examination of the original data showed that the value 
1.66 represented the variance and that the true value of S.D. was 1.66% = 
1.29. 

It is neither customary nor practical to check all published experimental 
data. In the absence of some generalization it is difficult, if not impossible, 
to spot errors in calculation. As a second illustration of the usefulness of 
the generalization presented here, let us consider the S.D. in the experiment 
in which m = 0.30 (text-fig. 2). The detailed distribution shows a fairly 
serious digression from the theoretical on the right side of the histogram. 
On the other hand, the published value of S.D., 0.52, appeared to be too 
close to Poisson S.D., 0.548, in view of the large discrepancy and the 
direction of the deviation. For this reason the value of the experimental 
S.D. was recalculated and was found to be 0.69. 

Text-figure 3 possesses the same structure as text-figure 2, with two 
added features: Wherever the experimental value is greater than the 
theoretical value by a factor exceeding 100 there is a vertical arrow con- 
necting the “shelf’’ on the theoretical histogram and the experimental 
point. The number along the arrow gives the discrepancy factor. Thus, 
the arrow on the extreme left indicates that the experimental value is 323 
times larger than the theoretical value. Some of the theoretical values 
are so small that they cannot be shown on the scale of text-figure 3. These 
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cases are indicated by breaks in the histogram; no precision is lost, since 
the number along the arrow gives the discrepancy factor. The theoretical 
value may be easily calculated from the observed value and the value of 
the discrepancy factor. 

Comparison of text-figures 2 and 3 brings to light the following chief 
differences between the two: In the former the mean values of m are small 
or moderate; in the latter they are large. In text-figure 2 the discrepancy 
factors are relatively small; of the 53 experimental points shown, only two 
have a discrepancy factor of 10 or larger. In text-figure 3 every diagram 
shows two or more discrepancy factors whose values range from 196 to as 
high as 2.5 X 10’. 

Text-figures 2 and 3 clearly demonstrate the fact that, for small values 
of m, Poisson’s distribution is fairly well obeyed, whereas for large values 
of m the discrepancy factors are both numerous and large. It is well 
worth noting the nature of the discrepancies. Experimental high values 
of the S.D. arise whenever there is a relatively high number of animals 
showing values of 7 which are much larger or much smaller than the mean 
value m, or both. Text-figure 3 shows that relatively high frequencies 
of j appear in both the high and in the low ranges of j; the experimental 
distributions are not skewed, either to the right or to the left. 

Text-figure 3 also shows that, when the animal population is divided 
into classes in which the range of values of 7 equals approximately the 
theoretical value of the S.D., there are no large gaps in the distribution; 
practically every ‘‘shelf’’ on the histogram is associated with an experi- 
mental point. The largest gap appears in the diagram for m= 13.55, 
where experimental points are lacking for two adjacent classes. 

Text-figure 1 shows unmistakably that the S.D. tends to digress from 
the theoretical Poisson value as m increases, and text-figures 2 and 3 
show the nature of the discrepancies. Nevertheless, it is desirable to 
obtain a quantitative answer to the following two questions: How serious 
is the discrepancy? Is it justifiable statistically to assume that the 
values of the S.D., instead of following the theoretical line, follow the 
curves shown in the insert and in the main part of text-figure 1? These 
questions are taken up in the next section. 


Tests for Statistical Significance 


The progressive deviation of the experimental points from the theoretical 
straight line (text-fig. 1) leaves little doubt that the observed deviations 
are not caused merely by random small-sample variation from the Poisson 
distribution. Nevertheless, it is desirable to examine quantitatively the 
statistical significance of the deviation; in particular, it is of interest to 
determine the range of values of m in which the deviations are statistically 
not significant and also to provide a quantitative index of the deviation 
when the value of m is large. The index of dispersion may be used for this 
purpose. The J.D. was defined in equation [le] and represents the sum of 
the squares of the deviations from the mean, divided by the mean. The 
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distribution of this statistic is approximately the same as that of x’ (8). 
Thus tables of p(n’, x?) may be used to decide on significance levels; 
n’ is the number of degrees of freedom and equals n—1. 

The calculated values of x? for the data of Shimkin and McClelland (3) 
are shown in text-figure 4A. The values of x? for the data of Shimkin 
(2) are shown in text-figure 4B. The two sets of values are shown in 
separate diagrams, since the values of n were different in the two series. 
In each diagram the values of x? corresponding to p(n’, x?) = 0.50, 0.10, 
0.01, and 0.001 are shown by dashed lines. 
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TEXT-FIGURE 4.—Chi-square tests of significance of the deviations of the observed 
S.D. from the theoretical Poisson value. (A) Data of Shimkin and McClelland (3), 
30 animals per sample. (B) Data of Shimkin (2), 10 animals per sample. The 
dashed lines show respective values of chi square for selected levels of significance. 
Below m=83 the deviations are not statistically significant, but there is a clear 
upward trend with increasing values of m. At high values of m the deviations from 
the theoretical values are highly significant. The aggregate evidence that the 
Poisson equation is not satisfied at high values of m is overwhelming. 


Text-figure 4 shows that in each of the two sets of experiments the devia- 
tion is not significant up to the value m = 3, approximately. Beyond this 
value of m the value of p decreases sharply. In some cases the value of p 
is smaller than 0.001 by a factor of several powers of 10. 

For economy of space the results of a similar analysis of the data of 
Heston and Schneiderman (4), of Rogers (5), and of Henshaw and Meyer 
(6, 7) are not shown in text-figure 4. This analysis leads to conclusions 
similar to those obtained with the data of Shimkin and of Shimkin and 
McClelland. 

Text-figure 4 contains a relatively large number of points each of which 
shows an exceedingly low probability of belonging to a population charac- 
terized by a Poisson distribution. The aggregate offers overwhelming 
evidence against the operation of a Poisson distribution when the value 
of m is larger than 3. Furthermore, the value of x? is correlated with the 
value of m. 

The insert of text-figure 1 shows that the experimental points straddle 
the curve represented by equation [2]. The main plot of text-figure 1 
shows that the points obtained by other investigators also straddle this 
curve. It is of interest to determine 1) whether any of the data of Shim- 
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kin and McClelland show statistically significant deviations from this 
curve, and 2) whether the data obtained by other investigators may be 
represented by the same curve within acceptable levels of statistical 
significance. 

Fisher’s z is the appropriate statistic for this test, and z is defined by 
equation [4], in which S.D. and s.d. are the larger and the smaller of two 
experimentally observed standard deviations, respectively. 


SD. 
z=In reg [4] 

The hypothesis to be tested may be stated as follows: Do all the points 
of the insert in text-figure 1 belong to a population whose S.D. is given 
analytically by equation |2]? To test a given point, its value of m is sub- 
stituted in [2], and the calculated S.D. is compared with the observed value, 
by means of equation [4]. The values of p(N’, S.D., n’, s.d.) where N’ 
and n’ are the corresponding degrees of freedom, may be obtained from 
tables of p(z) or from Snedecor’s equivalent tables of p(F). For points 
situated above the curve, n’ = ©; for points situated below the curve, 
N’ = o@. 

The calculated 5 percent limits are shown in the insert of text-figure 1 
by the two dashed curves flanking the solid curve. As may be seen, 4 of 
the 17 points, or 23 percent, are situated at the borderline, whereas the 
belt outlines the 10 percent level of significance. Thus the hypothesis 
that the points belong to a population represented by equation [2] is 
acceptable. 

The values of n reported by the various investigators range from n = 10 
to n = 50. For this reason it is not possible to represent in text-figure 1 
the boundaries for a given probability value with the use of two curves 
only, as was done in the insert. Instead, the Fisher z-test was applied 
to individual points. 

Of the 67 points plotted in text-figure 1 seven points, or 10.5 percent, 
fall beyond the 5 percent value in the positive direction (points A to G); 
four points, or 6 percent, fall beyond the 5 percent value in the negative 
direction (points Q to T). The theoretical values for random variation 
in the standard deviation are 5 and 5 percent, respectively. Thus, when 
examined at the 10 percent level, the scattering of the point population is 
not statistically significant. 

Of the 7 points showing high statistical deviation in the positive direction 
6 (points A, B, D, E, F, G), or 9 percent, fall beyond the 1 percent value; 
all 4 points which fall beyond the 5 percent value on the negative side also 
fall beyond the 2 percent level. Thus, the observed deviations beyond 
the 2 percent level are 9 and 6 percent, respectively. This 7.5-fold dis- 
crepancy between the expected and observed numbers suggests the need 
for a re-examination of the published data for the purpose of detecting 
possible systematic differences between the animal populations used by the 
various investigators. For the sake of completeness, all the points which 
fell beyond the 10 percent level were examined. 
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The 11 points which fall outside the 10 percent level are shown in the 
insert of text-figure 5. Each point is accompanied by a vertical-line 
segment carrying two short horizontal strokes. These latter show the 
5 percent tolerance factor (the stroke nearest the point) and the 1 percent 
factor. As may be seen, point C belongs outside the 5 percent boundary 
but inside the 1 percent boundary. Point E falls just outside the 1 percent 
boundary, whereas point A lies well beyond the 1 percent boundary. 
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TEXT-FIGURE 5.—Effect of ‘“‘gross” errors on the fit of equation [2]. Jnsert: Eleven 

points deviate significantly from the curve. With each point the 5 and the 1 percent 

limits are shown. The evidence from this plot and from text-figure 1 indicates that 

the values of Rogers are consistently high, whereas those of Heston and Schneiderman 

are consistently low. Main figure: Distributions for experiments A, C, F, G show 

“gross” errors. Points recalculated by omitting these extreme values (marked with 

asterisks) fall closer to the curve. Still, the aggregate evidence suggests that the 

coefficients of variation of susceptibility are not the same in the five series of experi- 
ments. 


An examination of the individual points in the insert of text-figure 5 
leads to observations of biological interest. Rogers (5) used mice of the 
Swiss strain. As may be seen from text-figure 5 and from text-figure 1, 
the S.D. in Rogers’ experiments tends to be higher than average. On the 
other hand, the standard deviations observed by Heston and Schneiderman 
tend to be lower than average. 
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An examination of the detailed distribution of the number of tumors per 
animal in the 11 experiments represented in the insert of text-figure 5 
indicated a need for a statistical evaluation of the experimental observa- 
tions in these experiments. 

The distribution of 7 in experiment G is shown in the upper right corner 
of text-figure 5. From this plot it may be seen that one animal had 50 
tumors, whereas the number of tumors in the other animals ranged from 
1 to 21. 

In the practical application of the theory of errors it is important to 
distinguish between large random variations and “coarse” errors (cf. 
Arley and Buch (9), p. 172). Even asingle “coarse’’ error can completely 
falsify the result of a series of measurements. Many different rules for 
rejecting coarse errors have been proposed (for references, see Arley and 
Buch, and Mellor (10), p. 563). The rule given by Arley and Buch will be 
applied. 

Let the value of the variate in the observation to be tested for rejection 
be j;. The deviation from the mean is 7, — m. The ratio r, is defined 
as in [5): 


re = (jy — m)/S.D. [5]. 


This ratio is called the relative deviation. The theoretical distribution 
of r has been calculated and tables are available giving p(r) as a function 
of r and the number of degrees of freedom, which in this case is f = n — 2. 
The tolerance limit is usually taken as p = 0.1 percent. 

In experiment G, n = 20; f = 18; m = 8.80;7, — m = 41.20; S_D. 
= 11.41; r, = 41.20/11.41 = 3.61. From Arley and Buch’s table 4, the 
value of r which will give p(r) = 0.001 for f = 18 is 2.959. Thus the 
observed relative deviation is beyond the tolerance limit, and the observa- 
tion may be rejected. The new values of m and of S.D., calculated from 
the data on the remaining 19 animals are 6.63 and 6.19, respectively. The 
corrected point is shown as G* in text-figure 5. 

For point F, r, = 2.62, whereas the tolerance limit is 2.61. For the 
other three points the values of r, are well beyond the tolerance limits. 
It appears that in all four cases the questionable observation may be 
rejected. It should be emphasized, however, that the rejection is in 
conformance with standard statistical procedure and might have been 
made independently of the fact that the changed values of the S.D. 
decrease the spread of the points about the theoretical curve. The cor- 
rected values of m and of the S.D. are represented by the points A*, C*, 
F*, G*. As may be seen from the plot, point G* falls just outside the 1 
percent tolerance limit. The other three fall well within the 5 percent 
tolerance limit. 

An examination of the detailed distribution for the remaining 7 points 
of the insert in text-figure 5 disclosed no obvious reasons for the deviation 
from the curve. I1t is worth mentioning again one practical use of the 
generalization that the points in text-figure 1 cluster about the curve: in 
an earlier section it was shown that this generalization has led to the 
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detection of several computational errors. The same generalization dis- 
closed 4 more points whose coordinates required a modification as a result 
of a “coarse” error analysis. 

The table which follows shows the revised distribution of the 67 points 
appearing in text-figure 1: 


Theoretical 
Beyond the 5% limit Points Percent percent 
Too high B, D, E, G* 6.0 5. 0 
Too low Q, R, 8, T 6. 0 5. 0 
Beyond the 1% limit 
Too high B, D, G* 4.5 1.0 
Too low Q, R, 8, T 6.0 1.0 


The curve shown in text-figures 1 and 5 was calculated from the data 
of Shimkin and McClelland (3). In the equation of this curve: S.D. = 
(m + k?m?)* there is a single adjustable parameter, k?. The preceding 
analysis shows that the value of the parameter calculated from the data 
of Shimkin and McClelland will not quite fit all the points at the 2 per- 
cent level of significance. It is likely that, if this parameter were cal- 
culated from the whole set of data, a better agreement would be obtained. 
However, in view of the fact that the standard deviations observed by 
Rogers were consistently high, whereas those obtained by Heston and 
Schneiderman were consistently low, it will be more useful to calculate 
separate values of k? for the different series of experiments. The results 
are presented in a later section, following the presentation of a tentative 
interpretation of the deviation from Poisson’s distribution for large 
values of m. 

Strictly speaking, Fisher’s 2-test is applicable only to normally dis- 
tributed populations. However, it may be expected that the test will 
yield fairly accurate results for the following reasons: Inspection of text- 
figure 1 shows that the test is unnecessary for small values of m. For 
large values of m the Poisson distribution approaches the symmetrical 
normal distribution. As will be seen later, the assumptions leading to 
equation [2] also lead to the conclusion that, with increasing values of m, 
the distribution gradually changes from a Poisson to a normal distribu- 
tion. Finally, as may be seen in text-figure 3, the observed distributions 
with large values of m are indeed fairly symmetrical. 


Interpretation of the Deviations From Poisson’s Distribution 


Summary of Experimental Observations 


The following observations require interpretation: 

1) For low values of m the experimental values of the S.D. agree 
fairly well with the theoretical value S.D. = m*. 

2) For high values of m the experimental values of the S.D. are too 
high. The discrepancy increases progressively with increasing m. 
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3) The detailed distribution of the number of tumors, 7, per animal 
agrees quite well with the theoretical Poisson distribution when m is small. 

4) When m is large the detailed distribution shows glaring deviations 
from the Poisson distribution. The observed frequencies of marginal 
values of 7 may be too high by a factor of over a million. However, the 
distribution is “symmetrical” in the sense that the frequencies are too 
high both for low values of 7 and for high values of 7. In four experi- 
ments in which the discrepancy appeared on the high side only, statis- 
tical analysis leads to the conclusion that the offending single observa- 
tions may be classified statistically as ‘‘coarse’’ errors. 

5) When the value of the S.D. is plotted against m, the points appear to 
be distributed about a curve. 

In searching for possible causes of the deviations from the Poisson 
distribution, it will be useful to examine the conditions whose joint 
coexistence will insure the operation of a Poisson distribution. As is well 
known, Poisson’s distribution appears in a variety of physical and biolog- 
ical phenomena. Let us confine our attention to the class of phenomena 
in which the Poisson distribution is the limiting case of a binomial 
distribution. 


Prerequisites for a Poisson Distribution 


(1) Observations are made on n subsamples (mouse lungs), each of 
which contains a large number of individual units (cells). 

(2) The chances of the successful event (development into a tumor) 
happening to a single unit are very small. However, there is a reasonable 
chance that in each of the subsamples there will be a number of occurrences 
of the event. 

(3) The aggregate of units making up the subsample need not necessarily 
be homogeneous with regard to susceptibility toward the occurrence of 
the successful event. However, the total susceptibility must be the same 
in all subsamples. The classical case of a Poisson distribution may be 
cited as an illustration. The susceptibility to death from a mule kick 
may vary in the extreme from one soldier in a corps to another. However, 
if the compositions of a number of corps are the same, the distribution of 
the number of deaths from mule kick among the various corps will follow 
the Poisson distribution. 

(4) The number of units in each of the subsamples is the same (i.e. the 
n lungs each contain the same number of cells). 

(5) The occurrence of a successful event in a subsample (lung) is 
independent of previous or concurrent appearance of similar events in the 
same subsample. 


Factors Influencing the Distribution of Pulmonary Tumors 


It will be instructive to examine how well the conditions listed in the 
preceding section are satisfied in an experiment dealing with the distribu- 
tion of pulmonary tumors. 

Conditions (1) and (2) are satisfied. The observations are made on 
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n lungs (subsamples), each containing an exceedingly large number of 
cells; the probability that any particular cell will become the origin of a 
tumor is very small. 

There can be little doubt that condition (3) is not satisfied. Even with 
the most careful selection of the experimental animals there is bound to be 
variation in the susceptibility of individual animals. One of the objects 
of the present paper is to develop a quantitative measure of the coefficient 
of variation of the susceptibility. It is clear that the variation in the 
number of tumors per animal is not a direct measure of the variation in 
susceptibility. Even in the physically impossible ideal situation, where 
all animals are identical in every respect, there must be variation in the 
number of tumors per animal, in accordance with the Poisson distribution. 

Condition (4) is not rigorously satisfied. Even if the animals are care- 
jJully selected for homogeneity in size, the size of the lung may vary from 
one animal to another. A larger lung contains a larger number of cells. 
Even if the average susceptibility per cell is the same for all animals, the 
susceptibility per animal must be greater for the animals with the larger 
lungs. 

It is difficult to form an @ priori judgment whether condition (5) is 
satisfied. It is very likely that the primary initiation of abnormality in a 
cell is an event completely independent of the occurrence of similar events 
elsewhere in the tissue. On the other hand, the survival and proliferation 
of the transformed cell may or may not depend on the presence of other, 
successfully established tumor centers. There is also the distinct possi- 
bility of metastasis from one site to another within the lung, although on 
morphologic grounds the separate tumors are customarily considered as 
multiple primary tumors. 

To summarize the qualitative analysis, it appears that deviations from 
the Poisson distribution may be caused by variations in the susceptibility 
and in the size of the lung. Deviations may also be caused either by 
metastasis or by the influence of established tumor centers on the sus- 
ceptibility to further tumor formation. A mathematical analysis of the 
effects of these various factors is given in the sections which follow. 


The Effect of Variation in the Size and Susceptibility of Individual Lungs 


The effects of variation in size of lungs and in the susceptibility of cells 
to changes toward the neoplastic state may be lumped together by assum- 
ing that there is a variation in the gross susceptibility of various members 
of the animal population. The vagaries caused by small-sample random 
variations introduce complications which can be taken care of only after 
the simpler problem of the behavior of the population as a whole is solved. 
For this reason consideration will be given first to the case where the sample 
size is so large that the experimentally obtained statistics are practically 
the same as the parameters of the population. 

The following assumptions are made: For a given experimental proce- 
dure the population of animals as a whole will develop a mean number i of 
tumors per animal. This quantity will be referred to as the mean sus- 
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ceptibility of the population under the specified experimental conditions, 
The population is not homogeneous with regard to susceptibility and may 
be subdivided into classes in each of which the susceptibility is the same 
and lies between u and u+dy. The distribution among the various classes 
is given by the distribution function, F(z, o), where o is the standard 
deviation of the susceptibility 4. The number of animals in each class is 
given by equation [6]. 


dn = nF (yp, o)du [6] 


The nature of the function F is not specified. In fact, the derivation which 
follows is completely independent of the nature of F. 

Under the specified conditions the observed mean number of tumors 
per animal will be z. Let the observed standard deviation be represented 
by p. The variance of jis p*. The relation between p, z, and o is given 
by equation [7] (cf. Appendix A). 


P=E+e? [7] 


z is the population mean number of tumors per animal. It is also the 
Poisson variance of a strictly Poisson population possessing this param- 
eter. Equation [7] shows a pleasing simplicity, since it states that the 
observed variance in an inhomogeneous population equals the sum of the 
variance in the susceptibility of the population and of the variance it 
would have possessed if it were homogeneous. 

The usefulness of equation [7] may be demonstrated by the following 
illustration. Assume that the observed value of z is 20 tumors per animal 
and that the observed S.D. is 6. What is the value of the S.D. of the 
susceptibility of the tumor population? In this case p? equals 36. Sub- 
stitution of these quantities in equation [7] yields 16 as the value of the 
variance of susceptibility. The S.D. of the susceptibility is 4, and the 
coefficient of variation of susceptibility is 4/20, or 20 percent. 

While it is of interest to calculate the S.D. of the susceptibility of the 
population, this quantity is bound to change with a change of experimental 
conditions. It is more instructive to examine the hypothesis that the 
coefficient of variation, x, defined in equation [8] is constant for a given 
population and is independent of the experimental conditions. 


x= ofp [8] 
Substitution of equation [8] in [7] yields equation [9] 
Pp =p+ (hu)? [9] 


Equation [9] is the large-sample analog of equation [2], which was 
tested earlier for a fit of the experimental data. This equation accounts 
for the main characteristics of the curve shown in text-figure 1: When 7 
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is very small, the equation approaches asymptotically the simple relation 
[10]: 


2 


P=p [10] 


This is the formula for the variance in a Poisson distribution. On the 
other hand, when x is very large, the equation approaches the simple 
relation [11]. This equation shows that for high values of 7% the S.D. of the 
observed number of tumors approaches the S.D. of the susceptibility of 
the population. 


p= Ki =o [11] 


If, as may be expected, the distribution of susceptibilities is normal, the 
distribution of tumors will approach the normal distribution even to a 
greater approximation than may be expected from a strictly Poisson distri- 
bution with a large value of m. 


Effect of Interaction on the Distribution of Tumors 


It will be assumed again that large samples are used. To simplify the 
problem at first, it will be assumed that the animal population is homoge- 
neous with regard to susceptibility. The following hypothesis will be ana- 
lyzed: The population is characterized by a constant parameter u' of 
primary tumors per animal. Through the operation of the Poisson distri- 
bution the animals will be distributed among a number of classes, in each 
of which the number of primary tumors, 7’, is the same. The primary 
tumors induce secondary tumors, either through metastasis or through 
some other influence. Let the average number of secondary tumors, 7", 
induced in the class in which the number of primary tumors is 7', be pro- 
portional® to the number of primary tumors present, as shown by equation 
[12], where a is a proportionality constant. 


pi az [12) 


If the mean number of secondary tumors per animal is called u" and the 


mean total number of tumors is u, then, clearly, the following relation 
must hold: 


w= p+ ap" [13] 


The actual number of secondary tumors in a particular animal belonging 
to class j' will, of course, not necessarily be equal to aj'. The secondary 
tumors in this class are assumed to be also distributed according to the 
Poisson formula, with the new parameter aj’. 


* Many other assumptions could be tried. For instance, it would not be difficult to simulate the experimental 
results by assuming that the number of secondary tumors is proportional to the square of the number of primary 
tumors. However, it would be difficult to justify such an assumption on biological grounds. On the other hand, 
if it is assumed that secondary tumors are formed either by metastasis or through the influence of some substance 


elaborated by the primary tumors, then the assumption of proportionality follows as the simplest reasonable 
approximation. 
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The standard deviation, S.D., of this population can be calculated, 
and is given by equation [14] (cf. Appendix B). 


S.D. =" aero [14] 


Inspection of equation [14] shows that it cannot possibly account for 
the observed results plotted in text-figure 1. The plot of equation [14] 
in a log-log field is represented by a straight line of slope %, which is parallel 
to the Poisson line S.D.=y™ and whose ordinates differ from the Poisson 
ordinates by the logarithm of the coefficient of u* on the right side of 
equation [14]. It is instructive to estimate the magnitude of the vertical 
distance between the two lines. 

In order to account at all for any one of the observed serious deviations 
from the S.D. of a Poisson distribution, the value of a would have to be 
of the order of 1. With this value of a, the constant on the right side 
of equation equals 2.5% = 1.6; i.e. the observed S.D. would be larger 
than the theoretical Poisson S.D. by 60 percent, even for very small 
values of m. 

Equation [14] was derived on the assumption that the population is 
strictly homogeneous with regard to susceptibility to tumor formation. 
An equation developed for the more realistic assumption that the popu- 
lation possesses some variation in susceptibility would be much more 
complicated. However, for small mean numbers of tumors it should 
approach equation [14] asymptotically; in other words, the observed 
relation between m and the S.D. will not approach the theoretical Poisson 
equation asymptotically in the way the experimental points do in 
text-figure 1. 

The fact that the experimental points approach and eventually straddle 
the theoretical Poisson line as m decreases, appears to indicate that the 
formation of tumors by means of secondary influences, such as metastasis, 
is absent, or present to a small extent only. The experimental results 
for small values of m are consistent with a Poisson distribution. Clearly, 
they are also consistent with equation [14], provided the value of a is 
small enough. For small values of a, equation [14] acquires the following 
simple form: 


S.D. = p** (1 + @) [14a] 


It follows that a calculation of the upper confidence limit of the ratio: 
(S.D.)/u’* will yield an upper limit to the value of (1 + a), and thus, an 
upper limit to the value of a, the mean number of secondary tumors per 
primary tumor. 

The value of the ratio: (S.D.)/m! was examined in 16 experiments, 
after making the small correction for the variation in the susceptibility 
of the population. The mean value of this ratio was 1.028, and the S.D. 
was 0.252; thus the observations are consistent with the hypothesis that 
the population parameter of this ratio is 1.0. The ¢ test was applied to 
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determine the upper value of this ratio at the 5 percent confidence level. 
It was found that the confidence limit was at 1.11. Thus, within the 5 
percent one-sided confidence level, it may be stated that the fraction of 
secondary tumors could not have exceeded 11 percent. 


Analysis of Small-Sample Data 


Assuming that small-sample data show deviations from the Poisson 
relation S.D. = mi, a chi-square test will show whether the deviations 
are statistically significant. If the deviations are significant, the data 
may be tested by means of equation [15], which is the small-sample 
analog of equation [9]. 


Variance = r? = m + k? m? [15] 


In this equation r is the observed S.D., m is the observed mean number 
of tumors per animal, and is the estimate of the population parameter 
zB; & is the estimate of the coefficient of variation « of the population. 


For each experiment a value of k? may be obtained by means of equation 
[16]. 


pu —_ = [16] 





Given the results of N experiments, the use of equation [16] will yield N 
separate values of k?. A simple plot will show whether the values of k? 
show simple random variation or whether there is some correlation between 
the calculated value of k? and the value of m. If the plotted values show 
random variation only, the conclusion may be drawn that the assumption 
of a constant « is consistent with the experimental results. 

One of the simpler procedures is to calculate the mean of the N values 
of k?. However, when m is small, the calculated value of k? is very sensi- 
tive to sample deviations of the distribution of 7 from the Poisson dis- 
tribution. It follows that, if the unweighted mean value of k’ is accepted, 
the largest contribution to the unpredictable deviation from the large- 
population value of k? is made by those experiments in which the influence 
of the irrelevant small-sample deviation from the Poisson distribution is 
largest, and in which, at the same time, the influence of variation in the 
susceptibility of the population is of the least importance. For this reason 
it is desirable to attach different weights to the values of k* obtained 
from different experiments, and in such a way as to assign a larger weight 
to values obtained from experiments in which the value of m is large. 
It would seem reasonable to use equation [17] to evaluate the mean of k’. 


> mk? 
stale, 3 [17] 


It may be seen from equation [17] that each calculated value of k*? was 
arbitrarily given a weight proportional to the corresponding value of m. 
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It was felt that a more rigorous treatment designed to evaluate the 
maximum likelihood estimate of k was not justified. 


Experimental Values of the Coefficient of Variation of Susceptibility 


The standard deviations for the 17 experiments of Shimkin and Mc- 
Clelland (1), plotted in text-figure 1, show an obvious trend away from 
the theoretical Poisson line. The test discussed in a previous section 
shows that the deviations are statistically highly significant. It is there- 
fore desirable to test the hypothesis that the deviations are due to heter- 
ogeneity in the susceptibility of the population and that k, the coefficient 
of variation, is constant and independent of the number of tumors and of 
the experimental treatment. 

Seventeen values of k? were calculated with the use of equation [16]. 
A plot of these values indicated that individual values of k? showed 
random variations, but no trend, thus supporting the assumption that k? 
is a constant. The weighted mean of k? was then calculated by means of 
equation [17]: 


() = 0.2654; (S.D.)p? = 0.137 


The root mean square of k is 0.515. This value, substituted in [15], 
yields equation [2]. The latter is represented by the solid curves appearing 
in text-figure 1. 

In a similar fashion the values of (&*) were calculated for the remaining 
four series of experiments. In each series, the goodness of fit of the 
respective value of (f) was examined by comparison of the observed and 
the calculated values of the S.D.: the ratio R was calculated: 


R = (observed value) /(calculated value) [18] 


When m is small, this test, or any other conceivable test will be insen- 
sitive to relatively large errors in the value of k*. For this reason the 
test was applied to those experiments only in which the value of m was 2 
or larger. The mean value of R was then calculated for each series. The 
calculated values are shown in table 1. 

















TaBLeE 1* 
— Henshaw | Shimkin sets ‘ 
: an and himkin | ogers 
ae Meyer /|McClelland | 
ee, | 6 9 17 21 17 
EE eiiianaicilenmasicsies | 5 7 | 11 9 13 
RSE 0.0935 0. 160 0. 265 0. 317 0. 449 
NS a es ve ead nay 0. 0346 0. 0768 0. 1365 0. 228 0. 1774 
cope 5 seed 0. 014 0. 025 0. 033 0.050 | 0.043 
k. ee ee 0.306 | 0. 400 0. 515 0. 563 0. 670 
a 1. 027 0. 980 0. 967 0. 990 1. 055 
SG eet Se ks 0.143 | 0.191 0.159 | 0.260 0. 129 
| 











*N, total number of experiments in series. N(2), number of experiments in which m was 2or larger. (S.D.),?, 
standard deviation of k?. &, root mean square of k. (S.D.)x, standard deviation of R. 
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In table 1 the five series are arranged in the order of increasing values 
of (f). The values of R, with due attention to the respective standard 
deviations, indicate a good fit by the respective values of (&). In none 
of the five series was there a single significantly large deviation from the 
corresponding equation. 

The mean values of k? show a wide range of variation. The largest 
value differs from the smallest by a factor of 4.8. The coefficient of vari- 
ation within a series, k, ranges from 30.6 to 67 percent. It may be sig- 
nificant that the animals used by Rogers, of the Swiss strain, showed the 
greatest coefficient of variation. However, the values need to be subjected 
to a test of significance before definite conclusions may be drawn. 

As may be seen in table 1, the estimates of the standard deviations of 
the means of k? (i.e. (S.D.)/N*) range between 0.014 and 0.050. Keeping 
these values in mind, it may be concluded by inspection that the difference 
between the two extreme mean values of / is statistically highly sig- 
nificant. The strain used by Rogers was definitely more heterogeneous 
relative to pulmonary-tumor response than that used by Heston and 
Schneiderman. It may be added that, when the values of & are arranged 
in increasing order, as they are in table 1, any two values separated by 
two other values are different at the 5 percent level of significance. 


Discussion 


We have presented a quantitative analysis of the frequency and dis- 
tribution of induced pulmonary tumors in two susceptible strains of mice. 
The analysis shows that such frequency and distribution is interpretable 
through the application of the same mathematical considerations, inde- 
pendent of the strain of mice used, of the nature of the carcinogen, of the 
dose, of the route of administration, and of the period following admin- 
istration of the carcinogen. It is also of importance that the same con- 
siderations are applicable to at least six sets of data obtained by four 
different investigators over a 10-year span of publications. 

The results of the analyses are consistent with the following: a) The 
frequency of induced pulmonary tumors in mice belongs to a class of rare 
and random events and is subject to Poisson’s distribution. 6) The 
systematic deviations from Poisson’s distribution found in the analysis 
may be interpreted in terms of heterogeneity in the susceptibility of the 
animal population. The coefficient of variation of susceptibility, &, 
may be taken as a direct measure of heterogeneity. 

Identical treatment of samples drawn from different populations will 
give an unbiased measure of the mean susceptibilities of the different 
populations. This quantity alone, however, does not offer a measure of 
the heterogeneity of the individual population. The coefficient of varia- 
tion, k, may now be obtained for each population with the use of equations 
[15], [16] and [17]. 

In the present analysis, it is revealed that the Swiss strain of mice used 
by Rogers showed a higher heterogeneity than the strain A mice employed 
by Shimkin and by Heston. 
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Heterogeneity is also clearly revealed in this analysis to exist in as 
highly inbred a strain of mice as strain A, and suggests a number of 
investigations which would be of considerable importance. If the hetero- 
geneity is due to genetic differences in these presumably genetically 
homogeneous mice, it should be possible to divide the population into 
substrains by the following experiment. 1) Take a number of strain A 
mice and permit them to have a litter. 2) Inject the parents with 1 mg. 
per gram body weight of urethan intraperitoneally and sacrifice the mice 
some 15 weeks later to determine the number of pulmonary tumors 
induced. 3) Separate the offspring of mice showing the higher number 
of tumors from those with fewer tumors. 4) Continue the selection by 
a similar procedure through several generations, grouping offspring from 
mice with the least number of induced tumors and separating the line 
from those showing the greatest number of tumors. Genetic differences 
should be revealed by the establishment of substrains of strain A which 
would show definite difference of susceptibility and decreased variability 
in the number of lung tumors evolved by urethan. Consideration of 
response as related to male and female parents would ascertain any 
possible sex-linked susceptibility factors. A parallel investigation using 
20-methylcholanthrene would yield biologic material that would show 
whether the factors in such selection are similar for the two carcinogens. 
If such separation into sublines is not achieved, the results would 
establish that the variability is due to nongenetic influences. 


It is shown that heterogeneity in size of the lungs will introduce devia- 
tions from Poisson’s distribution. Even if the population is ideally homo- 
geneous in terms of susceptibility per milligram of lung, a spread in the 
size of the lung with a coefficient of variation k will bring equation [15] in 
operation. It is desirable henceforth to record not only the number of 
tumors, but the mean value and the variance of the weight of the lung as 
well. Analysis reveals, however, that even relatively large variations in 
the size of the lung will produce relatively minor effects upon the over-all 
variance.’ 

Statistical analysis indicates that the experimental results are consistent 
with the assumption that the tumor nodules are primary in nature and 
that secondary tumors, such as metastases, will not account for more than 
approximately 10 percent of the total. 


7 Let k be the mean value of the over-all coefficient of variation calculated with the use of equation [15]. Let ke 
be the coefficient of variation of the weight of the animals, and k, be the coefficient of variation of lung tissue sus- 
ceptibility. It may be shown that the value of k, is given by equation [19]: 


ke = (Kk? — ke?) 4/1 — ket) {19} 
Since ky is usually of the order of 0.1, equation [19] may be replaced by the simpler equation: 
ke = (k? — ky) (20} 


When k./k is 0.3 or less, the uncorrected value of k yields a sufficiently accurate estimate of k.. The error is 5 
percent when the ratio is 0.3 and is proportional to the square of the ratio for smaller values. 
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Summary 


A quantitative analysis was undertaken of induced primary adenoma- 
tous pulmonary tumors in mice, using data published by four separate 
laboratories. 

The analysis showed that (a) the occurrence of such tumors belongs to 
the class of rare events and is subject to Poisson’s distribution, and (0) de- 
viation from Poisson’s distribution may be interpreted in terms of the 
heterogeneity in the susceptibility of the animal population. The coeffi- 
cient of variation of susceptibility could be taken as a direct measure of 
heterogeneity. 

Investigations were suggested toward the elucidation of the nature of 
the heterogeneity of the susceptibility. 


APPENDICES * 


AppeNDIxX A. The Standard Variation of j in a Population Whose 
Susceptibility Is Variable 


Let us assume that a population consisting of a large number, n, of 
animals has the following characteristics: The population, on the whole, 
shows variation in susceptibility. However, it may be divided into 
homogeneous subgroups in each of which the distribution of 7, the number 
of tumors per animal, follows the Poisson distribution, with the parameter 
u for the subgroup. Let the number of animals in the subgroup whose 
susceptibility lies between » and » + dy be given by equation [A-1]: 


dn = nF (u)du [A-1] 


where F (uz) is an unspecified distribution of susceptibilities. Let 7 be the 
population mean of susceptibility (i.e. the observed population mean 
number of tumors per animal). Let o be the standard deviation of yu 
from the population mean zg. The variance of susceptibility is o?. The 
values of 7 and of o? are given by the following equations: 


z= Lun [A-2] 
c= S (u ~— h)*dn [A-3] 


Let the S.D. of 7 from the population mean 7 be represented by the 
symbol p. The variance of 7 equals p? and is given by equations [A-4], 





§ The authors take pleasure in acknowledging their indebtedness to Messrs. Jerome Cornfield, Nathan Mantel 
and Marvin A. Schneiderman, who pointed out that the concepts of excess variance caused by variation in “‘prone- 
ness” and by “‘contagious processes” are familiar to mathematical statisticians and that the equations derived in 
this and the following appendix may be obtained by shorter and more elegant methods with the use of the symbols 
and techniques of modern mathematical statistics. On careful consideration the authors concluded that the more 
detailed derivations given here are more likely to be of use to the biological worker. 
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[A-5], where the symbol =,,, indicates that the summation is to be carried 
out over the entire population. 


of == [A-4] 


I = Zyop(j — 7)” [A-5] 


The summation indicated in [A-5] may be carried out in any desired 
order. It is convenient to carry out this summation first over the homo- 
geneous subgroups of dn animals which were defined in equation [A-1]. 
Let the sub-sums obtained in this fashion be defined as in [A-6], where the 
symbol 2,,y, indicates that the summation is to be carried out over the 
subgroup only. 

dl = Zeun(j — 1)? [A-6] 


Clearly, the relation between I and dI is given by equation [A-7]: 
I= fdl [A-7] 


It remains to evaluate the sub-sum dI, as defined in [A-6]. In a given 
homogeneous subgroup consisting of dn animals, whose susceptibility is 
uniform and, under a given set of experimental conditions, equals yu, the 
distribution of j is, by hypothesis, of the Poisson type. For this reason 
the variance of j within the subgroup from the subgroup mean u is also 
equal to ». The variance within the subgroup may also be represented 
by the following well-known equation: 


(sum of squares of deviations from 
working mean) 

(number of individuals within 
group) 


(square of difference 
— between mean and 
working mean) 


[A-8] 


Variance = 





Introducing » as the working mean, yp, dn, and uy, respectively, for the 
variance of the subgroup, the number of individuals, and the group mean, 
we obtain equation [A-9]: 


p= LeG— yap aie 


From [A-9] we obtain equation [A-10]. Combining [A-10], [A-7], and 
{[A-4], we obtain [A-11]: 
dl = Dieu (j — w)*? = wdn + (u— nu)? dn [A-10] 


gu fudn , S(u—pdn [A-11] 


n n 





Substitution of [A-2] and [A-3] in [A-11] yields equation [7] of the text. 
This is the equation used in fitting the experimental data. As may be 
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seen, the derivation of this equation is completely independent of the 
detailed nature of the distribution function F defined by equation [A-1]. 


t=ate 7) 


AppenDIx B. The Standard Deviation of j in a Population Exhibiting 
Positive Interaction in Tumor Formation 


The object of investigation is a population of n animals possessing the 
following characteristics: Under a given set of experimental conditions 
the mean susceptibility of the population for primary tumor formation is 
ut. The variate 7', the number of primary tumors, follows the Poisson 
distribution. Whereas the entire population shows a tendency to develop 
secondary tumors, the quantitative value of this tendency in a given 
animal is a function of the number of primary tumors formed or initiated. 
Let the population be divided into classes, according to the number 7' of 
primary tumors. It will be assumed that in each class the susceptibility 
to secondary tumor formation is proportional to the number of primary 
tumors and that the secondary tumors also follow the Poisson distribution 
within the class. If the number of secondary tumors in an animal is 
represented by the symbol 7", then, in the class of animals possessing 7! 
primary tumors each, the class mean number of secondary tumors is given 
by equation [A-12], where a is a proportionality constant. 


ad [A-12] 


Let the observed total number of tumors in an animal be 7. Then, 
j=jf+j". The class mean value of 7 is given by [A-13]: 


Class mean value of j = 7 (1 + a) [A-13]. 


Since the population mean value of 7' is y’, then yu, the population mean 
of the total number of tumors j, is given by equation [A-14]: 


p= wt ay = p(1 + a) [A-14]. 


Let the S.D. of j from the population mean » be represented by the 
symbol p. Then the variance of 7 is represented by equations [A-15], 
[A-16], where the summation is to be carried over the entire population. 


eas [A-15] 
S= Divo j _ yu)? [A-16] 


The sum S may be obtained by carrying out the summation first over 
the various classes of the population, previously defined, and then adding 
the class sub-sums: 


Sa - DoJ a u)? [A-17] 
S = >Sa [A-18]. 
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The mathematical device used in Appendix A can also be used to 
evaluate S.,._ In the class in which the number of primary tumors is j', the 
class mean number of secondary tumors is aj', and the class mean total 
number of tumors is j' + aj'. The variance of j from the class mean total 
number of tumors is the same as the variance of 7" from the class mean 
number of secondary tumors, aj’, since every animal in this class possesses 
the same number, 7’, of primary tumors. By hypothesis, the secondary 
tumors follow a Poisson distribution, and for this reason the variance also 
equals aj‘. 

Let the number of animals in the class producing 7‘ primary tumors 
be represented by n,!. The mean value of 7 in this class is given by 
equation [A-13]; the variation of 7 in this class from this mean value is 
aj', as was shown in the preceding paragraph. Adoption of the popula- 
tion mean, yu, as the working mean and substitution of these quantities in 
equation [A-8] yields equation [A-19]: 

Doe(j 


aj! = se(J—H) (a + a)j! — pl? [A-19]. 
nat 


The value of yu in terms of yz’ is given by equation [A-14]. Substitution 
of this value in [A-19] and a simple operation yields the value of the sum 
appearing on the right side of [A-19]: 


Sa = Ztl(s _ pu)? = ana-jJ + (1 + a)*.na-(F* — p')? [A-20]. 


Combination of [A-20], [A-18] and [A-15] yields the equation of the 
variance of 7 from the population mean: 





p? _ atostes + (1 + a)? Zaoetal? = p')? [A-21]. 

The first term on the right side of [A-21] represents the product of a 
and of the population mean number of primary tumors, yp’. The second 
term represents the product of the quantity (1+ a)? and of the variance 
of the number of primary tumors from the population mean of primary 
tumors. Since 7 shows a Poisson distribution, by hypothesis, its variance 
also equals py’. Substitution of these values in [A-21] yields the relatively 
simple equation [A-22]. 


p= (1 + 3a + a’)! [A-22] 


Finally, the quantity »’ may be replaced by the observable quantity uy, 
by means of equation [A-14]. This yields [A-23]: 


2 _1I1t+3+a r 
dead <> ee [A-23]. 
The S.D. of 7 equals the square root of the right side of [A-23]. 
_ _(i1+3a+e™ , 
S.D. =p= EF) b [14] 
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Report of Committee on Infectious 
Ectromelia of Mice (Mouse Pox) 


(Ricuarp E. Suope, M.D., The Rockefeller Insti- 
tute for Medical Research, New York, N. Y.) 


During the fall of 1952, members of the Virus and Rickettsial Study 
Section of the Division of Research Grants, National Institutes of Health, 
heard rumors that infectious ectromelia was present in certain mouse 
colonies of the United States. With the knowledge that the presence of 
such an infectious agent constituted a threat to the progress of medical 
and other research, the Study Section named a committee consisting of 
Richard E. Shope, Chairman, Karl F. Meyer, Frank L. Horsfall, Jr., 
W. T. S. Thorp, and Edward P. Offutt, Executive Secretary, to consider 
this situation and the problems it presented, and to make recommendations 
to the proper authorities. 

The Committee’s first activity was to advise research grantees of the 
situation by individual notices sent to approximately 2,000 individuals 
widely scattered over the United States and in a few foreign countries. 
It requested cooperation of all grantees in reporting suspected outbreaks 
and established infections. To date, somewhat over 1,200 replies have 
been received, with a breakdown in the following simple fashion: 


Pe a IN I raza vac wena a cae IG A nce Ru weet 746 
No wumenpinined GisGGGl DTGHONE oc . . oo 5 cc cc cece wtewcwevscscveses 440 
Unexplained disease (low mortality makes ectromelia less likely)....... 13 
Infectious ectromelia believed present................cceccceccceecs 18 
Infectious ectromelia proved present. ..............cce secs ccccceees 4 


With reference to the suspected ectromelia cases, infection has not been 
confirmed in any instance, so far as is known. At the present time disease 
is apparently not a problem in these colonies. Three of the four proved 
cases have been reported (/-3). 

Besides presenting the above results of its survey, the Committee wishes 
more widely to advise investigators using the mouse, and suppliers of this 
animal, of the following basic facts concerning ectromelia, or mouse 
pox (4-7). 

Nature of the Disease 


Marchal at Hampstead in 1930, first described the disease as a virus 
infection. The virus measures from 100 to 150 my in diameter. It is widely 
spread throughout the body and is demonstrable in the liver and cutaneous 
tissue. It is destroyed at 55° C. for 30 minutes, and withstands 50 percent 

405 
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glycerol in the refrigerator for several months and also 0.5 percent phenol. 
A rather substantial immunity is conferred upon recovered animals. The 
virus is related to vaccinia and other animal-pox viruses. 

The disease is highly infectious and often epizootic (8). All known 
strains of mice are susceptible, with generally a high mortality, although 
some strains are more susceptible than others, ¢.g. strain A and ABC are 
more susceptible than strain C57BL. For a study of the epidemic spread 
of the disease, see Greenwood et al. (9). 


Recognition of the Disease 


The acute disease is characterized by visceral lesions. Animals may die 
without apparent cause, appearing in good health until a few hours or a 
day before death. There may be no readily apparent external lesions, 
although inconspicuous primary lesions are sometimes present. In other 
instances swollen eyelids, swollen pocked nares, and pock-like lesions on 
the body may be prominent signs. One death is usually followed by 
deaths of other contacts within a few days to a few weeks. The disease 
usually spreads throughout the colony in 6 to 8 weeks with a 50 to 95 
percent mortality. 

The first evidence of the disease is ruffled hair, and puffy appearance of 
the face, i.e. nonspecific symptoms. 

In a fulminating case the following gross autopsy findings may be 
present: a) pale, dirty-grey or putty-colored liver, or red liver mottled 
with white areas of focal necrosis, 6) slightly enlarged spleen, sometimes, 
with large white areas in longstanding cases, c) hemorrhagic appearance 
of proximal inch or two of small intestine, d) excess fluid in peritoneal 
cavity and sticky, stringy exudate covering intestines, ¢) pulmonary con- 
gestion or consolidation, sometimes with excess pleural fluid. Microscopic 
anatomical findings may include necrosis of mesoblastic tissues and large 
eosinophilic (acidophilic) intracytoplasmic inclusion bodies in epithelial 
cells of the skin and of the intestine. The inclusion bodies are not always 
present in the fulminating disease. 

The chronic disease is characterized by necrosis of the extremities. 
Usually one foot becomes swollen and edematous with serous fluid escaping 
from the surface and forming minute scabs. This progresses to gangrene 
and sloughing of the foot, leaving healthy tissue, or spreads to another 
foot, to the tail or mouth perhaps eventually causing death. 

There may be a latent symptomless form that is almost impossible to 
recognize. This may serve as a reservoir of the virus and be transmitted 
from mother to offspring to be manifest irregularly as described under 
chronic disease. 


Differentiation“ of the Disease 


The chronic foot lesions must be distinguished from those caused by 
Streptobacillus moniliformis. This organism may be cultivated on serum 
agar, Loeffler’s medium under microaerophilic conditions, or in equal 
parts of serum and broth. 
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Diagnosis [See also (10)} 


The virus may be demonstrated by grinding portions of suspected liver 
and spleen in small amounts of saline, and inoculating this mixture intra- 
peritoneally into normal mice. Ifthe virus is present, animals will usually 
die in 4 to 6 days with macroscopically visible liver lesions. In serological 
diagnosis, the sera of mice recovered from ectromelia inhibit red-cell 
agglutination by vaccinia virus (11). 


Treatment 
There is no treatment known. 
Prevention 


Prevention of the disease calls for strict isolation of the mouse colony 
from outside contamination. This also includes adequate facilities for 
handling the colony with a noncirculating system if air conditioning is 
practiced. It is possible that vaccination of individual mice by the 
scarification method or intranasal instillation using vaccinia virus or 
formalinized liver suspension from infected mice [Greenwood et al. (9)] 
may be of benefit (12). This is probably impractical in most cases except 
for particularly valuable inbred stocks. 


Control 


Control of the disease demands prompt recognition of infection. In- 
fected colonies should be exterminated by destruction and incineration of 
infected animals and contacts. The quarters should then be sterilized. 


Recommendations 


The committee recommends the following for the control of this disease: 

a) Extermination of known infected colonies. 

b) Destruction of materials harvested from infected colonies. 

c) Isolation and self-imposed quarantine of colonies suspected of 
infection. 

d) Prompt reporting of all suspected and proved infections. 

e) Restriction of shipments of mice between investigators. 

f) Treatment of all materials such as blood, serum, tissues, or ecto- 
parasites harvested from mice, particularly from foreign sources, 
as potentially contaminated, and handling of such materials with 
all precautions necessary. 

g) Familiarizing of scientists with the existence of legislation pro- 
hibiting the importation or interstate movement of ectromelia 
virus, or animals or materials potentially infected with it. [An 
Act approved February 2, 1903 (32 Stat. 792; 21 U.S. C. 111) and 
BAI Order 381 (9 Code of Federal Regulations, Parts 101-123), 
regarding the importation or interstate transportation of viruses 
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(2) 


(3 


— 


(10) 


(11) 
(12) 
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or vectors (animals inoculated or exposed thereto) have been 
interpreted as applicable to infectious ectromelia. A permit from 
the U.S. Department of Agriculture is, therefore, required for the 
importation or interstate movement of ectromelia virus or ma- 
terials infected with the virus.] 
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Announcements 


Medical Research Fellowships 


The Division of Medical Sciences of the National Academy of Sciences—National 
Research Council is accepting applications for postdoctoral research fellowships for 
1955-56. These awards are designed to offer research experience for promising indi- 
viduals who look forward to investigative careers, and not to provide practical ex- 
perience in the clinical field. Ordinarily Fellowships are not granted to persons over 
thirty-five years of age. The following programs are announced: 

Fellowships in Cancer Research are awarded by the American Cancer Society on 
recommendation of the Committee on Growth of the Division of Medical Sciences. 
Awards are available for study in all branches of the biological, chemical and physical 
sciences and of clinical investigation applicable to the study of growth, typical or 
malignant. Citizens of the United States are eligible. 

British-American Exchange Fellowships in Cancer Research also are awarded by the 
American Cancer Society upon recommendation by the Committee on Growth. They 
are offered to citizens of the United States for advanced study in Great Britain in 
specialized fields pertaining to the problem of growth. Similar fellowships are awarded 
by the British Empire Cancer Campaign to young British scientists for research in the 
United States. 

Fellowships in the Medical Sciences supported by The Rockefeller Foundation and 
by The Lilly Research Laboratories, are administered by the Medical Fellowship 
Board of the Division. Fellows are expected to devote themselves to research in the 
basic medical sciences. The Fellowships administered for The Rockefeller Founda- 
tion are open to citizens of the United States and Canada; the Lilly Fellowships only 
to citizens of the United States. 

Fellowships in Tuberculosis are also administered by the Medical Fellowship Board 
under a grant from the National Tuberculosis Association. These awards are designed 
to promote the development of investigators in fields related to tuberculosis. They 
are open to citizens of the United States who are graduates of American schools. 

Fellowships in Radiological Research are administered for the James Picker Founda- 
tion by the Division’s Committee on Radiology. The Foundation has expressed 
particular interest in the support of candidates who propose to carry on research ori- 
ented toward the diagnostic aspects of radiology. Appointments are not limited to 
citizens of the United States. 

Applications for 1955-56 under any of these programs must be postmarked on or 
before 10 December 1954. Fellowships are awarded in the early spring. Complete 
details and application blanks may be obtained from the Fellowship Office, National 
Academy of Sciences-National Research Council, 2101 Constitution Avenue, N.W., 
Washington 25, D. C. 
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Grants for Scholars in Cancer Research 


Applications for grants for Scholars in Cancer Research are being accepted by the 
Committee on Growth of the National Research Council, acting for the American 
Cancer Society. 

These awards are designed to bridge the gap between the completion of fellowship 
training and the period when the young scientist has thoroughly demonstrated his 
competence as an independent investigator. A grant of $18,000, payable over three 
years, will be made to each Scholar’s institution as a contribution toward his support, 
his research or both. Each institution may submit more than one application. These 
grants are not restricted to the support of individuals who have held American Cancer 
Society Fellowships. Applications should be submitted by institutions on behalf of 
a candidate prior to January 1, 1955. 

Application blanks and additional information may be obtained from the Executive 
Secretary, Committee on Growth, National Research Council, 2101 Constitution Avenue, 
N.W., Washington 25, D. C. 
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